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GENERAL INTRODUCTION: 
Organic synthesis plays two major roles in the chemistry 
of natural products. Many compounds elaborated by various 
organ isms wou Id have potenti a I widespread therapeutic use if 
they could be obtained in sufficiently large amounts or if 
analogues of these compounds, exhibiting more specific physio-
log ica I properties, were ava i la bl e. One aspect of synthetic 
organic chemistry, therefore, is concerned with the production 
of compounds of low natural abundance for the purposes of med-
ical research (with a view towards eventual therapeutic appli-
cation) and also with the chemical modification of these com-
pounds to obtain analogues, generally not available at all from 
natural sources, exhibiting a discreet spectrum of biological 
activity. This aspect of organic synthesis is amply illustrated by 
past work on the synthesis and chemical modification of steroid 
hormones and by the availability of a large number of synthetic 
penicillin analogues with specific biological activity. The 
current interest in prostaglandin synthesis and the production of 
analogues which are stable to prostagl andin degradative enzymes 
or act as prostaglandin antagonists may set the scene for an era 
of or g a n i c s y nth es is of no I i t t I e i m po rt • 
Synthetic chemistry also finds an important application in 
the field of structural elucidation. Compounds of unknown 
structure may be degraded to smaller fragments whose structures 
are then confirmed by unambiguous syntheses. In the cas e whe re 
several ways of recombining these fragments to give th e pare nt 
molecule exist, a confirmatory synthesis of the parent molec ul e 
may be required if spectroscopic and biogenetic arguments can-
not provide a via b I e so I ut ion. · 
.. 
II 
The work described in this thesis illustrates the application 
of these two aspects of synthetic organic chem is try. The structure 
of the aza-anthraquinone phomazarin is revised and some syn-
thetic approaches to prostaglandins are described • 
. . 
• 
Ill 
SUMMARY 
In section (I) of this thesis, the structure of phomazarin, 
an aza-anthraquinone elaborated by the imperfect fungus 
Pyrenochaeta terrestris (Hansen) Gorenz et C;J., is re-examined. 
The substitution pattern of the aromatic ring in this compound as 
shown in earlier formulations is demonstrated to be invalid and a 
new structure for phomazarin, 3,4,5-trihydroxy-6-methoxy-2-
carboxy-7-~-butyl-l-aza-anthraquinone, is proposed. From the 
results of other workers in this field, the nitrogen heterocycle 
probably exists in the tautomeric "Y -pyridone form. The iso-
lation of another metabolite, an isomer of phomazarin, from this 
organism is described and a tentative structure for this metabolite 
is forwarded. 
Section (II) deals with the application of the sodium 
hypochlorite induced ring contraction of phenol and related com-
pounds for the formation of the five-carbon ring of the prosta-
glandins. The chemistry of these functionalised cyclopentenes 
is investigated and some possible synthetic rou~es to prostaglandins 
are discussed. 1 The anomalous H-nmr spectra (in hexadeutero-
acetone) of several compounds synthesised during the course of 
this work are described and an explanation for this behaviour, 
invoking the presence of intermolecularly hydrogen-bonded 
(solvent-solute) species, is presented. 
GENERAL EXP ERIMENTAL DETAILS. 
Melting points were determined on a Kofler block a nd 
are uncorrected. 
Unltraviolet (uv) spectra were measured on a Unicom 
SP800 spectrometer in ethanol solution. Quartz cells with a 
l O m m • pa th I e n gt h were used • 
Infra-red (ir) spectra were measured on a Perkin-Elmer 
257 spectrometer for nujol mulls unless otherwise stated. Ir 
dilution spectra were run in matched sodium chloride cells with 
a path I ength of l mm.. Absorption patterns are described as 
strong (s), medium (m), weak (w) and shou Ider (sh~. 
l 
H-nmr spectra were measured on a Varian HA-100 or a 
IV 
JEOL Minimar 100 spectrometer at 100 MHz •• Deuterochloroform ) 
solutions were used unless otherwise stated and chemical shifts are 
quoted in l' ppm. from tetramethylsilane as internal reference. 
Absorption patterns are described using the following format: 
resonance position, multiplicity, coupling constant (if applicable) 
number of protons and assignment. 
Mass spectra were determined using an AEI MS902 or a 
Varian-Mat CH7 spectrometer at 70eV (direct inlet). Spectra used 
for comparative purposes were run on the same instrument. The 
fragmentation patterns are described using the following format: 
peak position (m/ e), intensity (%) relative to base peak and 
transition assignment (where possible). 
V 
Gas chromatography (glc) was carried out on a 
Perkin-Elmer 881 instrument (analytical work) using glass columns 
(6' x i"OD). Nitrogen, with a flow rate of 30 ml .min. -l, was the 
carrier gas. Srro II-scale preparative glc was performed on a Varian 
Aerograph Series 1700 instrurn.ent fitted with stainless steel columns 
( 6 1 x i" I D) • H e I i um was th e car r i er gas a n d a fl ow rate of 5 0 m I . 
. -1 d 
min. was use • 
Thin layer chromatography (tic) was carried out using 
Kieselgel G 254 in layers of 0. 1 mm. thickness for analytical work 
and 1.0 mm. thickness for preparative work. 
Solvents were dried and distilled where appropriate 
and so I utio ns were dried over magnesium su I phate un I ess otherwise 
stated. 
For the following work, "extraction or isolation of 
products as usual" means that the reaction mixture was diluted with 
water, the organic material was extracted with ether and the ether 
extracts were washed with brine, dried (magnesium sulphate) and 
evaporated (under reduced pressure) to yield the required material. 
For reactions involving alkali metals-liquid ammonia, 
excess alkali metal was destroyed by the addition of ethanol 
(for lithium) or isopropanol (for potassium). Ammonia was then 
removed by evaporation with a stream of nitrogen and the re-
quired product was isolated as described above (petrol was used 
rather than ether and sodium sulphate, not magnesium sulphate, 
was used to dry the organic extracts prior to evaporation). 
Zinc dust was activated by brief treatment with 2M 
aqueous hydrochloric acid. The activated material was washed 
with water, ethanol and ether and air-dried. 
Jones' reagent was pre pa red as described by C. Dj erassi, 
R.R.Engle and A.Bowers, J.Org.Chem., 21, 1547(1956). 
a:::= 
Acetone used as solvent for these oxidations was distilled from 
potassium permanganate. 
VI 
SECTION (I) 
THE STRUCTURE OF PHOMAZARIN 
"The time has come, 11 the walrus said; 
"To talk of many things. 
Of ships and sails and sealing wax; 
Of cabbages and kings. 11 
Lewis Carrol I. 
1 • 
INTRODUCTION. 
I n rec e n t y ea rs , i n v est i g a ti o ns i n to th e b i o s y nth es is of 
secondary metabolites of micro-organisms, particularly fungi, have 
contributed substantially to the understanding of the biosynthetic 
process in general. Although a number of the biosynthetic pro-
cesses to both primary and secondary metabolites have been 
clarified, eg. glucose metabolism, squalene biosynthesis and the 
shikimic acid pathway, the detailed mechanisms for the bio-
s y nth es is of po I y k et i des st i 11 rem a i n o b s c u re • The tetra -
cycline antibiotics are an important exception to the latter 
statement. Due to their commercial importance, a good deal 
of biosynthetic study has been lavished on them and a detailed 
biosynthetic pathway has been elucidated. This subject has 
been recently reviewed by McCormick 58 • The polyketide route 
leads almost exclusively to secondary metabolites and is a process 
c ha ra c t eris ti ca 11 y u ti I is e d by f u n g i of the c I ass De u t e ro my c et es 
(Fungi Im perfecti) and the Ascomyc etes (often ref a ted). Poly-
keti des occur relatively rarely in the Basidiomycetes. The concept 
of po I y k et i de b i o s y nth es is has rec e iv e d I i t t I e a t t e n ti o n from th e 
biochemist and has remained a problem for the chemist to unravel. 
A number of books dealing with this field have appeared l-4 and 
an interesting account of the history of its development has been 
presented by Birch 5 • 
2. 
Polyketides are formed by a head-to-tail condensation 
of an acetyl unit with malonyl units accompanied by conco mitant 
decarboxylation. There is no obligatory reduction of the inter-
mediate 13-dicarbonyl system and hence a distinction between 
poly- {3 -ketomethylenes (polyketides) and fatty acids can be 
made. The po I yketi de formed f rem a number of co nsec ut ive 
condensations and decarboxylations then undergoes internal aldol-
type condensation to give aromatic systems. An acyl group other 
than acetyl may initiate the building of a polyketide chain. This 
starter may be an aromatic acid derived from shikimate (eg. the 
f o rm at i o n of f I av o no ids i n h i g h e r p I a n ts) o r p ro p i o n ate i n b a c t e r i a 
(where methylmalonate can often act as a subs.titute for malonate 
. h . . h I · d · b · · 5 9) 1 n c a I n ext e n s I o n , e g . t e ma c ro I e a n t 1 1 o t I cs . The inter-
vention of an acyl group other than acetyl is rare in fungi but 
malonamoate is the starter in the formation of the tetracyclines 58 
so some caution in the application of this statement is required. 
Further structural modification of the polyketide derived molecules 
may occur via reduction or oxidation of existing substituents or by 
e I e c t ro p h i 11 i c a d d i t i o n of a I k y I g ro ups ( e g . m et h y I from m et h i o n i n e 
or isoprenoids from their pyrophosphates) or halogen (eg. griseofulvin). 
More complex modifications via oxidative coupling or re-arrange-
ment processes have also been observed. An excel lent discussion of 
this topic may be found in "Fungal Metabolites." by Turner 3 • Some 
relevant examples of polyketide biosynthesis are discussed later in 
t h i s i n t ro d u c t i o n . 
Fungi of the class Deuteromycetes and order Sphaeropsidales 
I h 6, 7 have been well known for many years asp ant pat ogens . 
Pyrenochaeta terrestris (Hansen) Gorenz e~. 8 , the subject of 
the first section of this thesis, is a member of the family 
Sphaeropsidaceae and is the causal fungus of onion pink-root 
9 
d is ease . Ot h e r re I a t e d g e n er a s u c h as Phy 11 o st i c ta , P ho m a , 
Dendrophoma and Macrophoma are all parasitic on the stems and 
I I 6, 7 eaves of pants . Previous chemical work on some of these 
genera has led to the isolation of gentisyl alcohol (l) and 
sphaerops i din (2) from a Phom a sp. 1 O. Ano th er unknown Pho ma 
sp. l l produces cytochalasin B (phomin) (3) and a Phyllosticta 
12 
sp. elaborates phyllostine (4), closely related to sphaeropsidin 
(2). 
OH 
OH 
(1) 
H 
0 
Ott 
(2) (4) 
(3) 
The anthraquinone pigments cynodontin (5a) and helminthosporin 
) I f D h h·1 13 d (5b have been iso ated rom euterop oma traceap I a an 
Pho ma p i gm e n ti v o ra l 3; pa c h y bas i n ( 6a) , c h ry so p ha no I ( 6 b) , 
emodin (6c) and phomarin (6d) were found in Phoma foveate 
F . 14 01ster • A plant toxin, mal secco toxin A, of unknown 
structure, is elaborated by Phoma traceaphila 15 but the main 
i n t e rest i n th is fa m i I y has co m e fro m the a g r i cu I tu ra I sector a n d 
a large number of papers dealing with the effects of fungicides 
have been pub I ished. 
Me 
R. Me 
4. 
(5) a) R=OH (6) a) R=R'=H c) R=R'=OH 
~ 
b) R=H b) R=H,R'=OH d) R;...Oli,R'=H 
The maiority of chemical research on the Deuteromycetes 
has been concentrated on the order Moliniales (family Molin-
iaeceae) of which the genera Aspergillus, Penicillium, Cephalo-
sporium and Fusarium need no introduction. Most known fungal 
polyketides (and numerous other secondary metabolites) have been 
isolated from this group of fungi. No attempt will be made to list 
such a large collection of compounds since a number of compre-
hensive lists are available for leisurely perusal 314116 • 
In this large list of polyketides, phomazarin stands unique 
5. 
as the o nly 1-azaanthraquinone yet isolated from a natural source. 
This pigment (occurring in con junc tion with cynodontin (5a)) was 
11 17-19 initially isolated by Kogl et al. from the mycelium of Pyreno-
8 
chaeta terrestris (Hansen) Gorenz et al. (=Pho ma terrestris Hansen) 
in 1940. Their proposed structure (7a) (the rela tive orientation of 
the heterocycle with respect to the remainder of the molecule was 
not defined) was later re-examined by Birch et al. 20 from 1960 
to 1963 and a new structure (7b), with the substitution pattern of 
the heterocycle revised and a definite ring orienta tion derived by 
ir spectroscopy, was proposed. This is the structure currently 
11 
standing in the literature. A review of the work of Kogl and 
4 Birch has been published by Thomson . 
OH 
( 7a) (7b) 
A number of oxygen ana logues of phomazarin (7b) have 
been isolated. These are the substituted napthopyrones of which 
rubrofusarin (8) 21122 (Fusarium culmorum and F. graminearum)and 
fonsecin (9) 23 (Aspergillus fonsecaeus) bear close resemblance 
to th e p y r i do n e r i n g of p ho m a z a r i n (7 b) . Th es e co m po u n d s m a y 
be considered to arise from cycl isation of the heptaketide (l 0). 
Transamination prior to formation of the pyrone ring could pro-
duce a napthopyridone, eg. (11), but no compounds of this type 
have yet been isolated. 
MeO H 
OH OMe 0 
(8) (9) 
H 
H 
( 10) ( 11) 
Radioactive tracer studies 
24 
on phomazarin (7b) show that the 
carboxyl group ar_ises from C 
1 
of acetate (as does the methyl 
group of the side chain) and hence the analogy seems justified. 
To the author's knowledge, only one other azaanthra-
quinone, bostrycoidin (12), has been isolated from a natural 
. 25 26 
source (Fusarium bostryco1desWollenweber ' and F.solani 
D2 purple 
27) . It is related to the pigments fusarubin (l 3), 
6. 
1avan1c1n (14a) and (~)-solaniol (14b) also found in F.solani 27 . 
M 
(12) (13) 
0 e 
(1 ) ct) R.=O ; 
The fo 11 owing work describes the el uc i do tio n of the 
subs ti tutio n pattern of the aromatic ring in phomaza ri n. A 
short discussion concerning the orientation of the heterocycle 
in the proposed structure (38) follows. The mass spectra of 
phomazarin and its methyl ester are discussed and the isolation 
and characterisation of a metabolite probably related to 
phomazarin is described. 
0 
nB COatt 
OH 
OH 
' 
) 
7 . 
DISCUSSION: 
PREVIOUS CHEMICAL WORK: 
II 17-19 
The extensive degradative studies of Kogl~ ~-
provided most of the initial structural information on which the 
currently standing formulation (7b) for phomazarin is based. 
Birch etal. Kogl etal. 
H 
QQ N co2H OH 
OH C02,H 
OH 
(71>) (?a) 
These workers established the molecular formula, the existence of 
a _p - q u i no n e system a n d th e nu m be r a n d t y p e of f u n c t i o n a I g ro ups 
attached to this system. Degradative oxidation of tri-0-acetyl-
phomazarin with chromic acid gave two main fragments. One of 
these was stated to be the phthalic acid (15a) and defined the 
substitution pattern in one ring. The other fragment was regarded 
as the napthaqui none (16). The tertiary nitrogen function of 
Bll 
aO C02H • 0 
COti 
0 
(15 ) (16) 
9 . 
phomazarin could not be quaternised and t ri-0-ac ety lph o maza r i n 
methyl est e r showed basic prop e rties. This da t a suggested that 
th o ni t rog e n form e d part of an aro mat ic ring sy stem arc.1, from 
the molecular formula, the compound was tricyclic. Th e 
stability of phomazarin to base indicated that it was a .e.-quinone 
with the pyridine ring carrying the remaining substituents (one 
carboxyl and two hydroxyl groups). 
The substitution pattern of the pyridine ring followed 
from a study of the methylation of phomazarin and its derivatives 
(the following formulae are based on structure (7a) and only one 
of the two possible heterocyclic ring orientations is shown). 
Purdie methylation of phomazarin produced tri-0-methyl-
p ho ma z a r i n m et h y I est e r w h i c h co u I d b e h yd ro I y s e d w i th a I co ho I i c 
alkali to a compound named di-0-methylphomazarin hydrate. Th is 
material melted with loss of carbon dioxide, solidified and re-
o 
melted at 185 . This high melting decarboxylation product was 
identical with one of the three products obtained by Purdie 
m et h y I a ti o n of d e ca r boxy p ho ma z a r i n , d i - 0- m e thy I d e ca r boxy -
phomazarin (17). The ot h er two products were the isomeric tri-
0-methyldecarboxyphomazarins (18) and (19). From this data, 
structure (7a) was proposed for phomazarin and, on this basis, 
di-0-methylphomazarin hydrate had structure (20). 
1 0. 
0 
Me.O OH MeO 
OMe 
(17) (18) 
Me 
0 0 
0 H 2 c..o H :.2. 
~ 
OMe OMe 0 I C01 H oMe. 
(19) (20) (7a) 
The validity of structure (20) for di-0-methylphomazarin 
hydrate was later questioned by Birch~ 9..!.. 20 due to the very mild 
conditions of its formation - conditions unlikely to open a pyridine 
ring. In addition, the uv spectrum of (20) was similar to that of 
tri-0-methylphomazarin methyl ester - a completely anomalous 
result. Compound (20), when crystallised from anhydrous solvents, 
gave a product differing analytically from (20) by the e lements of 
II 
water and s·howed tho t Kogl 's compound was, in fact, a hydrate 
II 
of di-0-methylphomazarin. Kogl 1 s formulation for the heterocycle 
was therefore incorrect. 
Ir spectra 
20 
showed that the nitrogen was ad jacent to 
{ 
1 . 
one quinone carbonyl and in a 11 vinylogous amide" position 
relative to the other (di-0-methyldecarboxydesoxytetrahydro-
phomazarin (25) showed qui none C=O stretching absorptions at 
-1 1668 and 1620 cm. ). 
II 
Hence Kogl's assumption of an 
a-nitrogen position was correct. Di-0-m ethy I deco rboxyphoma za ri n 
(21) gave compound (22) on treatment with phosphorus oxychloride. 
This material could be hydrolysed by alkali to give (21) or 
converted to tri-0-methyldecarboxyphomazarin (23) with sodium 
methoxide. These results indicated the presence of a 2- or 4-
h yd ro x y I g ro up • Cat a I y t i c h yd ro g e n a ti o n of th e c h I o r i n a t e d 
compound followed by re-oxidation of the quinone system gave, 
according to the extent of the hydrogenation, di-0-methyldecarboxy-
desoxyphomazarin (24) and the related tetra hydro compound (25). 
The rem a i n i n g m et ho x y I g ro u p of t h e h et e ro c y c I e i n ( 2 4) was 
resistant to hydrolysis and the pyridol ether~ N-alkylpyridone 
rearrangement could not be effected. This methoxyl group was 
therefore in a 3-position. 
0 
I 
0 0 0 
(21) (22) (23) 
0 0 H 
e. t oMe j 
0 0 (24-) (25) 
1 2 . 
1 H-nmr spectroscopy showed that the p ro ton mark i ng the 
position of the lost carboxyl group in tri-0-methyldecarboxy-
phomazarin (23) occupied the 2-position. In addition, di-0- meth yl-
decarboxydesoxyphomazarin (24) showed meta coupling of the two 
protons in the heterocycle. Combined with the earlier data, these 
results led to the heterocycle substitution pattern shown in (7b). 
T he o r i e n ta t i o n of the h e t e ro c y c I e w i th resp e c t to th e 
remainder of the molecule became evident from the consideration 
of the qui none C=O stretching absorptions in their spectra o f t he 
phomazarin derivatives (26a) and (26b) 20 • Di-0-methyldecarboxy-
phomazarin (26a) possessed a quinone carbonyl group that was not 
n'Bu. 0 H 
0 0 
0~ 
(26) a) R=Me 
b) R:aH 
involved in mesomerism and absorbed some 30 cm. -l higher in the 
ir spectrum than either of the two remaining carbonyl groups (one 
qui none and one pyridone) {3 to the amino function. On examin-
ation of decarboxyphomazarin (26b), it was found that one quinone 
carbonyl still showed a higher absorption than the other two despite 
the presence of a~ hydroxyl group capable of hydrogen-bonding 
to the adjacent quinone carbonyl. These results necessitated that 
1 3 . 
the heterocycle orientation be that shown in (26a) and (26b) an d 
defined structure (7b) for phomazarin. This is the structure currently 
standing in the literature. 
Phomazarin was shown to be biosynthesised from at least 
eight acetate units with both the carboxyl group and the methyl 
group of the sidechain being derived from the methyl carbon of 
24 
acetate Further work in this area 35 showed that glycine was 
not involved in the biosynthesis as had been previously suggested 24 
and a total polyketide origin for the carbon skeleton was indicated. 
A biosynthetic scheme involving nine acetate units has been 
20 
proposed and is i 11 ustrated below. 
FURTHER CHEMICAL WORK: 
In their re-e<~mination of the structure of phomazarin, 
Birch~ 9-!_. 20 had assumed that the substitution pattern of the 
II 
benzenoid ring was as shown in Kogl's earlier structure (7a). A 
II 
closer investigation of Kogl's work in this area revealed a number 
of discrepancies and another examination of phomazarin was 
14 . 
commenced. 
II 
Kogl's evidence for the substitution pattern of the 
benzenoid ring rests on the isolation of a phthalic acid, 
s u pp o s e d I y id e n ti f i e d as ( 1 5 a) , fro m th e c h ro m i c a c i d ox i d a ti o n 
f . 0 lh . 1s,19 o tri- -acety p omazarin . This acid, which could not 
be crystallised, was converted into acid (15b), a crystalline 
0 
compound of mp 173-4 . The substitution pattern of the original 
phthalic acid (15a) followed from its transformation, via the 
calcium salt and soda-lime distillation, to a benzoic acid and 
a phenol. The benz(:)ic acid was stated to be (27a) since it 
produced no melting point depression on admixture with an 
h . I 19 out ent1c samp e • Similarly, the phenol (as the 3,5-dinitro 
benzoate) was supposedly identified as (27b) 19 • It is of import-
ance to note that the benzoic acid was isolated in extremely low 
nBu. nBu. 
-
co2 H 
C02H 
0~ OH 
( 15) a) R=H (27) a) R=C02H 
b) R= e b) R:H 
l 5 . 
yield (0.1%) and, even if structure (15a) were correct, wou ld 
more than likely be acid (28) due to preferential loss of the 
pseudo ,B-ketoacid. Secondly, the phenol (27b) (as the 3,5-
dinitrobenzoate) produced on ly a 1° melting point dep ress ion 
on admixture with the din it robe nzoate of the isomeric ph eno I 
( 2 9) . Th e subs t i tu ti o n pa t t e r n of th e a ro ma ti c r i n g th e ref ore 
nBu.. 
0 
OH 
(28) 
OMe.. 
(29) 
rests on quite shaky evidence. Further doubt as to the validity 
of structure (15a) arose from the following considerations. 
Previous workers 
28129 had shown that phthalic acids, 
when substituted adjacent to both carboxy I groups, a re u nstab I e 
and form the anhydride spontaneously. The acid (15a) is 
stabilised against anhydride formation by the existence of a 
hydrogen bond between the ortho hydroxyl group and the acid 
ca rbony I. Wright 
29 
had observed th is stab i Ii satio n for the m ethy I 
a n a I o g u e of ( l 5 a) (th e _!2- bu t y I g ro u p b e i n g re p I a c e d by m et h y I ) • 
A not h er re as o n f o r th e stab i I i ty of a c id ( l 5 a) i n v o k es th e I a c k of 
steric crowding due to the relatrvely small bulk of the hydroxyl 
. g ro u p . Th e re la t e d m et h y I et h e r ( l 5 b) , how e v e r, sh o u I d u n de rg o 
spontaneous anhydride formation (as observed by Wright 29 for 
II 
l 6 . 
the methyl analogue). The apparent stability of acid (15b) w h ic h , 
II l 8 
according to Kogl , formed th e anhydride only on vacuum 
sublimation, was quite surprising and a synthesis of this acid was 
undertaken to check the veracity of this statement. 
Acid (15a) was obtained by the reaction of 2,4-dimethoxy-
1,5-di-~butyl-cyclohexa-1,3-diene with dimethyl acetylene-
d i ca rb ox y I ate as show n i n Sc hem e ( I) . Th e d i - n - b u t y I f u n c ti o n -
alised diene was required since previous work 29 on a similar 
reaction sequence had shown that the base catalysed conjugation 
of 2 , 4-di met ho x y- l - n -bu ty I - c y c Io hex a - 1 , 4-d i en e w o u I d I ea d to 
the related 1,3-diene possessing an allylic, rather than a vinylic 
butyl group as required. This diene would form an adduct with 
the dienophile ard undergo an Alder-Rickert reaction on pyrolysis 
with loss of 1-hexene to give dimethyl 3,5-dimethoxyphthalate. 
The di-~-butyl functionality overcomes this difficulty since the 
cyclohexa-1,3-diene so formed possesses one allylic and one 
vinylic butyl group. The adduct formed from this diene still loses 
1-hexene on pyrolysis but one butyl group remains on the resulting 
phthalic ester as shown by Scheme (I) (30 + 31). Saponification of 
th e d i m et h y I p h th a I a t e ( 3 l) p ro d u c e d a m ix tu re of a c i d ( l 5 b) a n d 
the corresponding anhydride (32). No pure (15b) could be isolated 
from this mixture. Complete conversion to the anhydride (32) was 
achieved by warming the mixture in acetic anhydride. Selective 
·-
I 
: 
I 
I 
I 
I 
I 
Meo 
OMe. 
Mc 
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c..02 H 
0 C.O,i H 
01\.ie. 
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17. 
36 
demethylation of (32) with boron trichloride followe d by 
h yd ro I y sis of th e h yd ro x y a n h yd rid e ( 3 3) pro d u c e d a c i d ( l 5 a) 
which was, as expected, quite stable. The anhydrid e (32) 
crystallised from acetic acid with mp 134°, a result at 
II 
variance with that of Kogl who reported a mp of 170° for this 
18 
compound . This data, when combined with the instability of 
II 
acid (15b), rendered the proposition that Kogl had isolated the 
acid (15a) from chromic acid oxidation of tri-0-acetylphomazarin 
untenable. The substitution pattern of the benzenoid ring as 
shown in (7b) was incorrect and, consequently, the oiientation o·f 
the pyridine ring with respect to the remainder of the molecule 
was also undefined. 
In an earlier paper 
18
, K~gl had been unable to decide 
between structure (15a) and (34) for the phthalic acid presently 
under discussion. ihe stability of this acid to oxidation suggested 
a meta relationship of the oxygen functions. An ortho relationship 
between the hydroxyl group and one carboxyl group was indicated 
by the formation of an intense colour upon solution of this acid 
in alcoholic ferric chloride. At best, this data constitutes 
extremely tenuous evidence for the substitution pattern indicated 
in (34) and hence a more conclusive method for examining the 
viability of structure (35) for phomazarin was sought. It may be 
1 8 . 
o H 
-
OH 0 0 
(34) (35) 
noted that the heterocycle orientation shown in this structure is 
20 
consistent with the argument evolved by Birch~~. for the 
phomazarin structure (7b). This would also be the orientation 
favoured biogenetical ly. 
l 
By H - nm r spec t ro s co p y , it is poss i b I e to d is ti n g u is h 
b et w e e n a n a ro mat i c p rot o n w h i c h is f I a n k e d by two ox y g e n 
f u n c ti o n s ( h yd ro x y I o r m et ho x y I ) a n d o n e th a t is p e r i to a 
33 
carbonyl function. Powell and Sutherland have found that 
for 1,3-dimethoxyanthraquinones, the peri proton resonated at 
+ 2.75 - 0.2 r w h i I st th a t p ro to n fl a n k e d by two or tho m et ho x y I 
+ g ro u p s o c c u r red a t 3 . 3 1 - 0 . l r W hen the aromatic pro to n was 
flanked by two ortho hydroxyl groups, the nmr signal lay between 
3.44 - 3.56 34 1 The H-nmr spectra of several phomazarin r 
40 derivatives have been examined by Butler and are reproduced 
on Figure (I) . It can be seen that the aromatic proton in t h e 
benzenoid ring resonates at low field between r 2.06 and r 2.10. 
This data clearly indicated that the aromatic proton occupied a 
FIGURE I 
1 
18 a. 
H-nmr Spectra in CDCl 3 ; 1ppmfromTMS 
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~ position and provided further support for the p homazarin 
structure (35). 1 However, w h en th e H - nm r spectra of th e a nth ra -
qui nones (36) and (37) are considered 31 ' 32 , it can be seen that 
the shifts observed for the aromatic proton in the phomazarin 
derivatives (above) agree more closely with that found for (37) 
and therefore structure (38) for phomazarin is implied. At th~s 
2 .13~ 
Me 
(36) (37) 
n.B 02.H 0 0~; 
Meo OH ~ 
0 C> 0 
(38) (39) 
~toge, however, stru·cture· (35) was favoured above (38) since the 
substitution pattern fitted well into a biogenetic scheme involving 
two polyketide chains, one possible arrangement being illustrated 
by (39) . From both a biosynthetic viewpoint and the fact that 
II 18 
the phthalic acid isolated by Kogl was stable to oxidation 
(implying a meta relationship of the oxygen functions), (38) was 
deemed unlikely to be correct. 
2 0 . 
A synthesis of the phthalic acid (40) (the isomer of 
II 
Ko g I ' s a c i d ( l 5 b) ) w h i c h w o u I d b e o b ta i n e d from ox i d a t iv e 
c I ea v age of ( 3 5) was then pursued (Sc heme ( 11) ) • The 2 , 5 -
dihydroresorcinol dimethyl ether was alkylated, after anion 
formation in potassamide-liquid ammonia reagent, with ~-butyl 
bromide - an extension of a reaction earlier reported by Birch 60 . 
The remainder of the sequence is very similar to that of Scheme 
(I). The low overall yield of acid (40) is due to the difficulty 
of obtaining the required alkylated cyclohexa-1,3-diene in 
good yield from the parent unconjugated diene. The 2,4-
dimethoxy-3-n-butyl-cyclohexa-l ,4-diene would not conjugate 
at all in potassamide-liquid ammonia and only to the extent of 
12% with potassium _!-butoxide and dimethyl sulphoxide at 25°. 
Raising the temperature to 70° for one hour produced a mix t ure 
containing 30% of the conjugated diene. Higher temperatures 
or longer reaction times were undesireable since decomposition 
products of dimethyl sulphoxide began to form. This difficulty 
of conjugation had been observed in this department by Russell 42 
during a similar reaction sequence involving the 3-methyl 
analogue and an explanation invoking lowered carbon acidity 
at the 3-pos it ion has been p reposed for the observed be hav iou r. 
The crude ester (41), obtained from the Diels-Alder adduct on 
pyrolysis, was saponified and acid (40) could be isolated on 
a c i d if i ca ti o n . Th i s a c i d c ry st a 11 is e d fro m a be n z e n e - et h er 
--
I 
20a. 
SC HEME II 
--) ) 
l 
CO2 co2 , 
(. ~ 
CO2 CO2 
o .. 0 
(41) 
(40) 
2 l . 
0 
mixture with mp 175-6 which compared well with a mp of 
0 II 
173-4 found by Kogl for the methyl ether of the phthalic acid 
18 
ob ta i n e d fro m c h ro m i c a c i d ox i d at i o n of t r i - 0-a c e t y I p ho ma z a r i n . 
Hence, from availa ble chemical evidence and biogenetic con-
siderations, phomazarin appeared to have structure (35). 
II 
Ko g I had u t i I is e d two p u b I is h e d pro c e d u res ( Do h m e 
~ ~- 43 and Moore~ ~. 44 ) to synthesise the acid (42) re-
quired for the comparisons with the soda-lime distillation pro-
d u c ts of th e p ht h a I i c a c i d is o I a t e d fro m t h e ox i d a t iv e c I ea v age 
of tri-0-acetylphomazarin. Selective methylation of (42) 
produced acids (43) and (44). The isomeric phenols (27b) and 
Ho 
o OH 
C ls) 
(29) respectively were obtained on decarboxylation of these two 
acids. The synthetic sequence employed is outlined on Scheme 
(Ill). Most of the steps shown are quite standard and present no 
structural difficulties. Although fairly unlikely, it may have been 
possible to form substantial amounts of phenone (45) during the 
21 a. 
SCHEME Ill 
.) 
( 7) 1 
0 
< 
/ ( 2) 
HO 
OH 
(2) 
22 . 
acylation of resorcinol and, if isolated by mistake, wou ld 
II 
produce acid (46) instead. Had this occurred, then Kogl 1s 
n 
-
HO 
~o 
OH 
( 6) 
comparisons are correct but phomazarin would have structure (35) 
and not (7b) . A result of this type would be in agreement with 
the data already obtained. Consequently, the reaction in 
question was repeated but 
1
H-nmr analysis of the reaction 
mixture indicated that the main product (approximately 95%) 
was indeed phenone (47). Hence it became obvious that con-
clusive evidence for the structure of phomazarin could only be 
obtained by a direct comparison of synthetic acid (40) with that 
isolated from the degradation of phomazarin. 
Previous attempts by other workers to cultivate P. terres-
11 17 
tr is as des c rib e d by Ko g I prod u c e d a fungus g iv i n g either Io w 
yields of phomazarin 
40 
or one that had lost the ability to bio-
h . h . d d d I d · 13 synt es1se p omazar1n an pro uce on y cyno ont1n . Modifi-
cations of the medium and method of culture in these laboratories41 
produced a good growth of thick filterable mycelia possessing a 
-
LJ . 
strong purple colour after one month's incubation at 25° in shake 
c u I tu re . Th e my c e I i a , a ft e r w a sh i n g a n d fr e e z e d ry i n g , w e re 
deprived of their phomazarin content by a procedure avoiding 
the ra the r obnoxious extraction (with refluxing pyridine in vacuo) 
II l 7 
d esc ri bed by Kog I . A desc ri ptio n of th is procedure is given 
at the end of this section. 
Degradation of phomazarin via chromic acid oxidation 
of tri-0-acetylphomazarin was an inefficient process from which 
the phthalic acid desired could be obtained in only 3o/o overall 
yield (Scheme (IV)). This result was partly due to the difficulty 
of forming the acetate (found also by Butler 40) without sub-
stantial formation of tarry by-products but mainly to the severi ty 
of the oxidation step which resulted in the further degradation of 
the aromatic ring. Due to the low yields from this sequence, it 
was found simpler to met hylate all phenolic and acid groups of 
t he p h th a I i c a c i d (aft e r h yd ro I y s is of the a c et ate g ro u p) a n d 
purify the resulting dimethyl dimethoxy-~-bu tylphthalate by pre-
parative gas chromatography. However, when the resulting 
phthalate was subjected to chromatographic and spectrometric 
comparison with the synthetic compounds (3 l) and (4 l), it became 
quite clear that phomazarin cou ld be neither struc ture (7b) or (35) 
(see Figure (II) and Table (I)). , 
HO[ Bu 
MeO 
HO 
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eO 
eO 
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TAB LE I 
ArH 
-
3.62 
2.45 
.Rt mins. 
OMe (1.5%SE30at185°) 
6.20, 6.24, 5.4 
6. 26, 6. 30. 
6.13, 6.19, 
6.21, 6.25. 
6.10, 6.18, 
6.18, 6.18. 
4.9 
4.9 
24 . 
Summarising the data availa b le at th is poi nt , the su b -
stitution pattern of the aromatic ring in p homazarin was no t as 
indicated by either structure (7b) or (35) and hence the oxygen 
functions were not meta related. Since the aromatic proton 
occupied a peri position, then the oxygen functions must be ortho 
related as indicated in the partial structures (48) and (49) (t he 
relative positions of the hydroxyl and methoxyl groups in both 
structures may also be interchanged). At this stage, no definite 
n'Bu 
Meo 
(48) 
Ho 
·Meo 
(49) 
proof for a pe ri oxygen f u nc tio n (hydroxy I or m ethoxy I) existed 
although from previous 
1 
H-nmr work (discussed earlier in this 
section) (48) (or that where the hydroxyl and methoxyl groups are 
interchanged) would be a better candidate than (49) (or the related 
methylation isomer) for the structure of phomazarin. Chloro di-0-
methyl-decarboxydesoxyphomazarin (50) 40 exh!bits only one 
-1 
absorption in its ir spectrum for both quinone carbonyls at 1675 cm. • 
Dem et h y I a ti o n of th is ma t er i a I w it h b o ro n tr i c h I o r i d e at - l O O g av e a 
') . 
L.J . 
0 
n.Bu. { Meo 
Me.0 0 e. 
Me 
0 
(50) (37) R= e 
(51) R=H 
compound whose ir spectrum showed two quinone carbonyl absorpt-
-1 
i on s at l 6 7 0 a n d l 64 0 c m . , i n d i cat i n g that o n e of the m et ho x y I 
g ro u p s i n ( 5 0) was i n a p e r i po s i ti o n . 1 The H-nmr spectrum of the 
d emethy I ated ma teria I showed only one m ethoxy I group at r 5. 83 
which may be assigned to the 3-position in the pyridine ring since 
the anthraquinones (37) and (51) possess methoxyl groups resonating 
at higher field (5.97-) 6.04 r ) 32 • Although this latter assignme nt 
is somewhat tenuous, the exact position of the remaining methoxyl 
is not relevant to the current argument since the presence of a peri 
methoxyl group in (50) has been demonstrated. The substitution 
pattern of the aromatic ring in phomazarin was therefore as indicated 
by ( 4 8) ( o r th e is om er w i t h th e rev e rs e d m et h y I a ti o n pattern) • 
If phomazarin has an aromatic ring with the substi tut ion 
pattern s hoW1 in (48) (for the remainder of th is section, the 
possiblity of a structure with the reversed methylation pattern 
I: 
26 . 
sbould be kept in mind), then the structure of the dimethyl dimethoxy-
~-bu tylpht hal ate previously obtained from degradation of phomazarin 
would be (52). Synthesis of th is compound was not undertaken due 
to the expected difficulty of obtaining an aroma ti c with the 
designated substitution pattern. However, compound (54), easily 
obtainable from acid (53), was somewhat more amenable to synthesis. 
The first route to methyl 5-!:_-butylvera trate (54) attempted 
is shown on Scheme (V). This sequence involved the synthesis of 
me thy I 5- iodovera trate fo I lowed by su bsti tu tio n of the iodine by 
a n n -bu ty I g ro u p us i n g I i th i u m d i - n - bu ty I c u p ra t e • A nu m be r of 
- -
papers dealing with the replacement of ha l ide by alkyl groups 
38 39 
us i n g I it h i um d i a I k y I c u p ra t es ha d a pp ea red ' a n d , s i n c e a n 
easy synthetic route to methyl 5-iodoveratrate was available, this 
scheme was considered the method of choice. However, despite 
several attempts to induce replacement of iodine by the ~-butyl 
g ro u p , th e ma i n p r_o du ct is o I a t e d from th e re a c ti o n m ix tu re was th a t 
of hydride rep I a c em e n t f o r i o di de , m et h y I v era t ra t e ( 5 5) • Pre v i o us 
38 39 . 
workers ' had interpreted these results as being due to metal-
halogen exchange which resulted in the formation of the alkyl 
halide and the lithium alkylarylcuprate. Hydrolysis of this mixed 
cuprate produced high yields of the aromatic where halide had been 
replaced by hydride. They found that the addition of an excess of 
the alkyl halide to the reaction mixture after formation of the mixed 
nB co~Me nBu. c.02 '1 
-
0 C.O~M;> ~ .e. CO;.. 
O He 0 O~e. 
(52) (53) (54) 
Scheme V 
OMe OMe 
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CO2, Me. 
O e 
OMe 
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-4-
I 
Meo 
OMe. 
(55) 
I 
_/. 
38 
· · f h · d . h ·t c uprate o r ox Id at Io n o t e m Ix e cup rate w I t a I r or n I ro -
benzene 
39 
followed by hydrolysis resulted in enhanced yiel ds o f 
the required alkylated com pounds . On attempting these modifi-
ca t i o n s s eve ra I t i m es , it was f o u n d th a t th e a mo u n t of th e re q u i red 
ester (54) sti II fluctuated between 20-30% of the products 
recovered ( o n c e rea ch i ng 5 0 % ) • The ma i n product was m et h y I 
veratrate (55) and smaller amounts of two other un id entified 
products were present. On attempting to scale up the reaction, 
the amount of organic material recovered decreased - only about 
one-seventh of the starting weight was recovered at the end of the 
reaction and this material consisted of methyl 5-12_-butylveratrate 
(54), methyl veratrate (55) and the other by- products in the 
afore-mentioned ratios. At this point, the scheme was abandoned J 
and another synthetic sequence to ester (54), hopefully more 
efficient, was investigated. 
Scheme (VI), starting from ortho-vanillin and proceeding 
via carboxylation of the Grignard obtainable from (56), progressed 
smoothly until the bromination of (57) was attempted. By analogy 
with some earlier related work 61 , it was thought that (56) would 
be produced from th is reaction. However, one of the two 
l ,2, 3 ,4-tetrasu bst i tu ted isomers (58) or (59) was isolated as the 
so I e prod u ct • Th is is o m er is most prob ab I y ( 5 8) s i n c e th e b e n z y I i c 
o: 
HO 
C e 
0 
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28. 
protons are shifted downfield to r 7.26. The parent compound 
(57) shows these protons at r 7.45. No effect on the methoxyl 
protons of (58) can be discerned in comparison with (57) - both 
show the methoxyl protons as a pair of sharp singlets near T 6.25. 
The desired bromo-aromatic (56) was obtained in good 
yield from Scheme (VII) via bromination of ortho-vanillin which 
is deactivated to attack by bromine at both unwanted positions. 
Methylation of 5-bromo-ortho-vanillin followed by elaboration of 
the aldehyde to an ~-butyl sidechain by standard procedures 
afforded compound (56) in good yield. Some difficulty was, however, 
experienced during the carboxylation of the Grignard reagent 
derived from (56). Although the Grignard reagent was formed, 
the ma g n es i u m b ro m i de ( f o rm e d fro m et h y I e n e d i b ro m i de , th e 
entrainment reagent 
62) apparently complexed with the aromatic 
ether groups of the G ri gna rd reagent so formed and decreased its 
solubility considerably. Consequently, it was poorly decomposed 
OHc 
Ho 0 
nk 
-
OMe.. 
OHe. 
(56) 
Br 
< 
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0 • • e. 
( ) 
r 
r 
e O 
OHc 
> 
Me.O 
OH 
0Me.. 
29. 
by carbon dioxide and only traces of the required acid (a bout 
5%) could be isolated. The major product was the alkyl aromatic 
(57) formed during aqueous acid workup of the reaction mixture. 
The lithium salt, formed from (56) with !!-butyl lithium, reacted 
smoothly with carbon dioxide to produce the acid (60) in good 
yield. The acid was readily methylated with ethereal diazo-
methane to give the required ester (54). 
Tri-0-methylphomazarin methyl ester can be obtained 
in quantitative yield by Purdie methylation of phomazarin. 
Ozonolysis of this compound followed by decomposition of the 
resulting ozonide with basic hydrogen peroxide gave a dimethoxy-
n-butylphthalic acid. If phomazarin has structure (48), then this 
phthalic acid would have structure (61). 
OMe. 
( 1) 
36 Dean et al. were able 
to selectively demethylate 2,3-dimethoxybenzoic acid to 2-
hydroxy-3-methoxybenzoic acid with boron trichloride. Accord-
30 . 
ingly, acid (61) was demet hylated under t h ese conditio ns and 
the reaction mixture, after destruction of the excess reage nt 
with water and removal of the solvent (methylene chloride), 
was a c i d if i e d w it h a d ro p of co n c en t ra t e d s u I p h u r i c a c i d a n d 
refluxed for 4 hours. Purdie methylation of the decarboxylated 
material gave a dimethoxy-~-butylbenzoic acid methyl ester 
which was purified by preparative gas chromatography. This 
ester was identical with synthetic methyl 5-~-butylveratrate(54). 
Hence the substitution pattern of the aromatic ring in phomazarin 
was as shown by (48) or its methylation isomer. 
Proof for the existence of a ~ hydroxyl group in the 
benzenoid ring of phomazarin was obtained from the degradation 
of tri-0-acetylphomazarin with chromic acid as described by 
II 18 
Kogl • The acetoxymethoxy-12_-butylphthalic acid initially 
obtained was hydrolysed with base to the related phenolic phthalic 
acid . Acid catalysed decarboxylation of this latter compound 
followed by methylation gave a methyl dimethoxy-n-butylbenzoate 
identical with synthetic methyl 5-~-butylveratrate (54). Hence 
the hydroxyl group in the aromatic ring of phomazarin is in the 
~ position and the substitution pattern of this ring is as shown by 
(48). 
0 
n u.. 
-
0 
8) 
,-
v • 
THE ORIENTATION OF THE HETE ROCYCLE: 
Phomazarin, from work just described, has the sub-
stitution pattern of the benzenoid ring shown by (48). The 
orientation of the nitrogen heterocycle as indicated by the 
complete structure (38) arises from the work of Birch E .::.!_. 20 
a n d has b e en f u 11 y d is c us s e d u n d er II Pre v i o us Ch em i ca I W o rk 11 
at the beginning o f this section . However, with the advent of 
the new aromatic ring substitution pattern, a plausible bio-
synthetic route to arrive at the orientation indicated by ir 
spectroscopy could no longer be derived so readily. One 
such route is illustrated below but this scheme is difficult to 
justify since the shorter polyketide chain is formed from a 
propionate starter and would not arise from c
1 
of acetate as 
24 
i n d i ca t e d by pre v i o us t ra c er st u d i es • A poss i b I e b i o s y nth et i c 
-c.o 
·. 0. u ··~-H20 
0 0 
0 
0 0 
n u. 
-
C.O H 
( ) 
.j L . 
route to structure (38) may be envisaged via initial cyclisation 
of a heptaketide to the napthalene (62) which, by reduction 
and re-oxidation would give the napthaquinol (63). Enzymically 
controlled acylation of (63) with the {3 -ke toacid (64) could 
produce the napthaquinol (65) which, after oxidation to the .e.-
quinone and transamination, would undergo Michael -ty pe 
addition to give (66). Methylation and oxidation of this compound 
would lead to phomazarin with struc ture (38). 
OH 
n. u. ) HO 
CH 0~ H02,C · 
HO 
(62) (63) (64) 
o/ nBu.. 
-
0 
(65) (66) 
From a biog en et i c viewpoint , the a It er native or i en tat ion 
(67) for phomazarin is more favoured since it may be easily 
visualised to arise from cyclisation of two polyketide cha ins as 
. 
shown. 
0 0 0 0 
33 . 
0 e. 
(6 ) 
Arguments, therefore, exist in support of both orientations. 
This discrepancy could be resolved by an examination of their 
spectra of di-0-methy I deca rboxyd esoxytetra hydro phomaza ri n 
(68a) and the related demethylated compound (68b) (the fully 
demethylated material could be utilised just as well in this 
study). Compound (68a) shows two quinone absorptions cit 1668 
n u. 
oQ 
(6 
or 
OMe 
-1 
and 1620 cm. , the higher value being assigned to the quinone 
t h · f · 2 O F C ( b) a. o t e n I t ro g e n u n c t I o n • o r o mp o u n d 6 8 , o n e of 
these quinone absorptions will be lowered by hydrogen-bonding 
34. 
w it h th e p e r i h yd ro x y I a n d th is d a ta w i II d e f i n e th e re I a t iv e 
o r i e n ta ti o n of th e h et e ro c y c I e i n p ho ma z a r i n . 
At the present time, the author feels that their 
spectroscopic evidence presented by Birch ~~. 2 0 must be 
considered to be more viable than that arising from biogenetic 
considerations . The ir evidence represents observable fact while 
the biogeneti c considerations stem from an argument by analogy 
with known processes and are thereby indirect. Although bio-
genetic arguments are strong when consistent with observable 
physical and chemical data, they are not necessarily sufficient 
in themselves unless the biosynthetic pathways available to the 
organism are well understood. Structure (38) for phomazarin is 
th e ref o re fa v o u red bu t b i o g e net i c co ns id era ti o ns w o u I d st ro n g I y 
advise that the ·orientat·on be unambiguously determined by the 
work mentioned in the previous paragraph or, by X-ray 
c rysta II og ra phy . 
MASS SPECTRA: 
The mass spectra of phoma za ri n and its m ethy I ester a re 
shown on Figure ( II). The fragmentation patterns of each are 
similar in many aspec ts (as may be expected), phomazarin 
d.ffering in that a reakdown path, initiated by loss of carbon 
i 
FIGURE Ill _ 
MASS SPECTRA AT 70eV 
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3 5 . 
dioxide, exists in ad dition to the path operating for the methy l 
ester. The loss of carbon dioxide may be due either to the pseudo 
{3 -ketoacid structure or to parti ci pation of nitrogen as outlined on 
p. 34b. The latter process is considered to be predominant since 
ortho-salicylic acid does not show significant loss of carbon dioxide 
b u t ra th e r a Io s s o f wa t er 4 5 ' 6 3 • Th is I o s s of w a t e r is obs e rv e d f o r 
phomazarin and an analogous loss of methanol occurs for the 
methyl ester and is accompanied in both cases with a simultaneous 
loss of carbon monoxide (probably from the quinone sys tem) . The 
peak seen at m/e313 in the spectra of both phomazarin and its 
m et h y I ester a rises by I o s s of ca r bo n mo n ox i de fro m m/ e 3 4 l s i n c e 
a metastable ion is observed at m/ e287. 5 and is consisten t with 
that calculated (m/e287.3) for this transition. The m/e313 ion 
then fragments further by step-wise degradation o f the sidechain. 
Mclafferty rearrangement is the predominant process (loss of 
p ro p e n e) b u t I o s s of s ma II er ra d i ca Is ( m et h y I a n d et h y I ) a I so o c c u rs • 
For phomozarin, a loss of the propyl radical from m/e343 is also 
observed. 
A syno psis of this discussion is illustrated on Figure (IV). 
A METABOLITE OF UNKNOWN ST RU CTU RE FROM P. TERRES TRIS: 
This metabolite, of somewha t higher polarity than 
36 . 
phomazarin, was isolated by chromatography of the chloroform 
extra c t of th e a c i d if i e d my c e I i a w h ere i t o c c u r red i n co n j u n c t i o n 
with phomazarin (vide infra). Several recrystallisations from acetic 
a c i d prod u c e d d e e p red n e e d I es of m p 2 l 5 - 6 ° ( a cc o m pa n i e d by gas 
evolution) . The mass spectrum gave a molecular ion at m/e387 and 
exhibited a series of fragmentations quite similar to those observed 
for phomazarin (see Figure (V) ). The 1 H-nmr spectrum of this 
material in trifluoroacetic acid showed obvious similarity to that 
of phomazarin and its methyl ester (Table (II)). This data indi-
cated that the metabolite could be an isomer of phomazarin by 
virtue of a different methylation pattern. 
The methyl ester was prepared in the same manner as 
17 
that of phomazarin and crystallised from methanol with mp 20 1-2°. 
The uv spectrum showed maxima at 248 nm. (log E = 4.53) and 
263 nm. (log t = 4.60). Phomazarin methyl ester has 229 nm. 
(log E = 4.34) and 278 nm . (log E = 4.60). The methyl ester 
l 
of this metabolite exhibited signals in its H-nmr spectrum at 
r -3.76 (s, lH,hydrogen-bonded hydroxyl), -2.70 (s, lH,hydrogen-
bonded hydroxyl), -2.60 (br s, lH, pyridone NH), 2. 10 (s, lH,ArH), 
5.84 ard 5.96 (s,3H each, ArOMe and ArC02 Me), 7.23 (br t,2H, 
ArCH 2 Pr), 8.50 (m,4H,ArCH 2 c2 ~Me) and 9.03 (br t,3H,ArC 3 H6 Me). 
The low field position of the methoxyl group indicated that it was 
in the nitrogen heterocycle and probably in the 3-position. This 
37 
_ FIGURE V 
MASS SPECTRUM AT 70 eV 
]igurea in parenthesis are perc entages of base peak 
METABOLITE ex f. terrestris 
I ) 
343(43) 
298(28) 300(28) 341(28) 344 (28) 
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TABLE 11 
i I 
1
H-nmr Spectra in TFA; ppm from TMS (,). 
ArH 
phomazarin 1 95 
• 
phomazarin 
methyl ester 1. 75 
metabolite 1. 72 
OMe 
5.75 7.06 
5.65(2) 7o06 
7.06 
0 H 
c,M-e.. 
(6 9) 
8.38 
8. 40 
8. 40 
H 
(70 ) 
400 m/e 
Me 
-
8. 95 
8.98 
8.97 
) 
38 . 
assignment is verified since the ir spectrum of this rro terial sho w e d 
the presence of a non-hydrogen bonded ester which absorbed a ~ 
-1 
1735 cm. • Tri-0-methylphomazarin methyl ester shows t he 
ester C=O stretching absorption at 1725 cm. -l whilst in phomazarin 
m et h y I est e r , t h is a bs o r pt i o n o c c u rs a t 1 6 7 5 c m • - 1 • I n th e 1 H - nm r 
spec t ra of a II p ho ma z a r i n de riv a ti v es st u d i e d , th e m u I ti p I et a t 
, 8.50 (the methylene protons of the !!-butyl group) was very 
b ro a d w i th a n av e ra g e W 1 / 2 v a I u e of 4 3 H z • • Th is m u I t i p I et i n 
the 
1 
H-nmr spectrum of the methyl ester of the metabolite was, in 
contrast, quite narrow with W l/2= 18Hz. and tended to sugge
st 
that the adjacent oxygen function was a hydroxy I group and not 
a methoxyl group. From this data, it seemed likely that the 
structure of the metabolite could be represented by (69). However, 
a lack of carbonyl absorption between 1735 and 1640 cm. -1 
(absorption at 1600 cm. -l with a shoulder at 1640 cm. -l) in the 
ir spectrum of the methyl ester of this metabolite indicated that all 
quinone and pyridone stretching modes are lowered by mesomerism 
and hydrogen-bonding. This data required that the heterocycle 
adopt the alternative orientation as shown in structure (70). 
Attempted Purdie methylation of the methyl ester of this 
metabolite resulted in a poor recovery of material (phomazarin 
methyl ester methyl ates quantitatively under these conditions). 
This result may be expected for a structure like (70) due to ready 
r.,9 
...; . 
ox i d a t i o n of th e a ro ma ti c r i n g to th e o rt ho - q u i no n e . I n s u f f i c i e n t 
amounts of the tri-0-methyl methyl ester were isolated to enable any 
definite results to be obtained . No further data was available when 
work was stopped and hence only the tentative formulation (70) for 
this metabolite can be presented . 
ISOLATION OF METABOLITES: 
In the pub! ished procedure 17 for the extraction of 
p ho ma z a r i n from th e my c e I i a of P • terr est r is , th e g ro u n d , d r i e d 
myc el ia were exhaustive I y extracted with ether and acetone -
the p ho ma z a r in o c c u rs as a s a I t (tho u g h of w hi c h ca ti o n is st i 11 
unknown) and is not removed during this process. The mycelia 
we re th en a c i d if i e d w i th d i I u t e s u I p h u r i c a c i d a n d extra c t e d w i th 
pyridine (refluxing in vacuo) - from vA. ich solution the phomazarin 
may be crystallised on concentration and cooling. The use of 
pyridine stems from phomazarin's low solubility in other solvents. 
It was c onsidered that if the my c elia , after acidification, were 
treated with ho t a c idic methanol, the resulting phomazarin methyl 
ester would be amenable to extraction with chloroform. 
Accordingly , the freeze - dried mycelia were processed 
as shown by Figure (VI). The chloroform extract of the mycelia 
after treatment with m ethy ati ng reagent (1 Oo/o hydrogen, chloride 
in methanol) gave phomazarin methyl ester on crystallisation from 
methanol . 
,... 
39a. 
FIGURE VI 
Isolation of metabolites from,J:...terrestri8 . 
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FIGURE VI c td . 
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40. 
The chloroform extracts of the mycelia prior to methyl-
ation showed the presence of cynodon tin and two ot her compounds 
of similar Rf value (from thin layer c hromatography) . Chromato-
g ra p h y of th is extra ct y i e I de d c y no do n ti n ( 5 a) a n d a m ix tu re o f 
the two other compounds. A ch loroform solution of this mixture 
on dilution with methanol precipitated the maior component (A) 
which crystallised from methanol with mp 203° accompanied with 
gas evolution and resolidification to remelt at 258°. Phomazarin 
h 197° 
17 
b h · h mp 254° 17 . as mp ; decor oxyp omazarin as The 
major component (A) was quite soluble in chloroform (in contrast 
to phomazarin which was only slightly soluble in this solvent) and 
1 . 
the H-nmr spectrum of (A) exhibited two 3 proton singlets at 
, 5.90 and , 6 . 45. Addition of D20 precipitated (A). 
Pho ma za ri n, isolated from a not her batch of rryc e Ii um by the method 
II 
of Kogl l 7 l , was too insoluble in chloroform to enable its H-nmr 
spectrum to be measured. The ir spectrum of this sample of 
phomazarin differed considerably from (A) in the 1700 - 1600 cm. -l 
region. On crystallisation of phomazarin from methanol, its ir 
spectrum became identical with that of (A). Its solubility in 
l 
chloroform was greatly enhanced and the H-nmr spectrum was also 
superimposable on that of (A). Addition of a trace of methanol 
to a deuterochloroform solution of phomazarin increased the 
integrated intensity of the singlet at , 6.45 and showed that (A) 
was an adduct of phomazarin and methanol (a l:l molar ratio 
41 . 
being implied from the equality of the integrated intensiti es o f 
the singlets at r 5.90 and r 6.45). This adduct was formed 
either from methanol remaining in the mycelium from earlier 
extra c t i o n o r by pre c i p it a ti o n of (A) from so I u t i o n w i th m et ha no I • 
T he f o rm e r rea so n is co ns i de red mo re I i k e I y s i n c e p ho ma z a r i n was 
only slightly soluble in chloroform and would not be extracted in 
any large amounts with this solvent. 
The mother liquors remaining after removal of (A) were 
concentrated to about l/5th of their former volume and a deep 
red solid, contaminated with (A), could be isolated on cooling 
and filtration. A further crystallisation of this material from a 
chloroform-methanol mixture followed by three recrystallisations 
fro m g I a c i a I a c et i c a c i d gave fi n e dee p red need I es of m p 2 l 5 - 6 ° . 
This was the metabolite which has been assigned the tentative 
structure (70). 
4 2. 
EXPERIMENTAL 
Sc heme I 
2 ,4-dimeLho xybu tyrophenone: 
P o I y p hosp ho r i c a c id was pre pa red by e q u i I i b ra t i n g a 
mixture of orthophosphoric acid (2509.) and phosphorus pentoxide 
(2509 .) at 100° for one hour. Butyric acid (50g. ,0.57mol .) v~a s 
added and the mixture was equilibrated for a further i hour. 
Resorcinol dimethyl ether (50g. ,0. 36mol .) was then added and 
the deep-red mixture was reacted for j hour when it was quenched 
with ice and extracted with ether. The organic extract was 
washed with 2M aqueous sodium hydroxide, water, dried and 
evaporated to leave a red oil. Distillation gave a clear, 
co lourless oil (80g.) of bp 156-8°/3mm Hg (lit. 46 146-7°/2mm 
Hg). 
-1 
ucm. (film): 1660(s), 1590(s), 1560(s). 
2, 4-d i m ethoxy- 1-~-bu ty I benzene: 
The phenone (above, 65.5g., 0.32mol.) was treated 
w it h I it hi um a I um i n i um hydride - a I um in i um ch Io ride rea g e n t 
as described by Blackwel I and Hick inbottom 47 . The compound 
was obtained as a clear oi l on distillation with bp 81-2°/0. lmm 
Hg. (449 .). 
-1 
u cm. (film): 1620(s), 1590(s). 
r ppm: 3. 12(br d,7, 1,C6H); 3.71(br s,-, l ,C3H); 3.74 (dd,7&2, 
l ,C5 H); 6.25 and 6.30(s,-,6,Ar0Me2); 7.51 (br t,7,2,ArCH 2
C
3
H
7
); 
8.56(m,-,4,ArCH 2 C2 H4 Me); 9.09(br t,6,3,ArC 3 H6 Me). 
c 12 H18o2 req. C 74. 19 H 9.34 
fnd. 74.44 9. 1 3 
2 ,4-d i m ethoxy-5-n - buty I buty roph e none : 
This was prepared by condensation of the butylresorcinol 
dimethyl ether (above, 39.4g., 0.22mol.) with butyric acid 
(50g. ,0.57mol.) in polyphosphoric acid (500g.) as previously 
d es c r i b e d . Re a c ti o n ti m e was 2 . 5 ho u rs a t 1 0 0 ° . Th e p h e no n e 
was a pale yellow liquid of bp 139°/0.05mm Hg (60g.) which 
solidified on cooling forming yel low prisms of mp 34-5°. 
-1 
v cm. (film): 1670(s), 1615(s), l585(s). 
't ppm: 2.52(s,-, l ,C6H); 3.70(s,-, 1,C3H); 6.14 and 6.16 
(s ,-,6,Ar0Me2); 7.22(t,6,2,ArCOC~ 2 Et); 7.50(br t,8, 
2,ArCH 2 C3H7); 8.42(sextet,6,2,ArCOCH 2 CH 2 Me); 8.53(m,-, 
4,ArCH 2 C2 H4 Me); 9.05(br t,-,6,ArCOC2 H4 Me and ArC 3H6Me). 
c16H24o3 req. C 72.69 H 9.15 
fnd. 72.37 8.74 
2 ,4-dimethoxy-1 ,5-di - n - butylbenzene: 
The phenone (above, 42.5g., 0.16mo f .) was reduced 
with lithium aluminium hydride - aluminium chloride reagent as 
previously described. Distillation of the crude dialkyl aromatic 
gave a clear oil (36g.) of bp 102°/0.05mm Hg. 
vcm. -l(film) : 615(s), 590(s). 
't ppm : 3.28(s,-, l ,C6H); 3.74(s,-, l ,C3H); 6.26(s,-,6, 
Ar0Me2), 7.53(br t,7,4,Ar(CH 2 C 3 H7)2 ); 8.56(m,-,8, 
Ar(CH 2 C2 H4 Me)2 ); 9.08 (br t,6,6,Ar(C 3 H6 Me) 2). 
2 ,4-dimethoxy- l ,5-di-.0_-butylcyclohexa-l ,3-diene: 
44 . 
The dimethoxydibutylbenzene (above, 129.) was 
dissolved in a mixture of tetrahydrofuran (40ml .) and !_-butanol 
(30ml.). Ammonia (150m l .) was disti lled off sodium and ferric 
n it ra t e i n to th e re a c ti o n m ix tu re • Li th i um ( 2 • 8 g • ) was s I ow I y 
added and the reaction was al lowed to proceed for 3 hours. Excess 
lithium was destroyed by the addition of ethanol and the reaction · 
mixture was then dilute.d with water and extracted with petrol. 
The extracts were washed with water, dried (sodium sulphate) 
and evaporated to leave a pale ye ll ow oil (l l . 5g.). This oil, 
without further purification, was added to a solu t ion of potassium 
.!_- butoxide in dry DMSO (7g . 1 40ml .) and maintained under a dry 
nitrogen atmosphere at 25° for 3 hours. The reaction was then 
quenched with water and extracted with petrol. The extracts 
were washed with water and dried (sodium sulphate). Evaporation 
left a ye low oil which distilled as a clear, colourless liquid 
see genera I experimental 
45. 
( 0.7g.) of bp 70-5°/0.03mm Hg. This was shown to consist of 
l the required con·ugated diene (90%) by H-nmr and uv spectroscopy. 
64 /\nm.: 276(calc. 275). 
jppm. (carbon tetrachloride): 5.26(s,-, 1,olefinic proton). 
3, 5-di m ethoxy-6-n-buty I phtha Ii c anhydride: 
The conjugated diene mixture (above, 10.7g., 0.04mol.) 
was treated with dimethyl acetylenedicarboxylate (8g. ,0.06mol.) 
at room temperature. The reaction temperature rose to 120°over 
! hour with the formation of a red solution. The mixture was 
allowed to stand overnight and then heated to 190° for J hour and 
vacuum distilled to remove excess reagent. Crude dimethyl 3,5-
dimethoxy-6-'2. -butylphtha late distilled as a yellow viscous oil of 
bp 160-5°/0. lmm Hg. Treatment of this materia with ethanolic 
potassium hydroxide (6g. in 60ml.) at reflux for one hour followed 
by acidifi cation gave a mixture of 3,5-dimethoxy-6-!:_-butylphthalic 
acid and the anhydride. The mixture was dissolved in acetic 
anhydride (20ml.) and kept at 100° for one hour. Removal of 
volatile material by vacuum distillation left a tacky residue which 
solidified on treating with ether. The solid crystallised from 
glacial acetic acid as plates of mp 134°, and identified as the 
required anhydride (l .2g.). 
-1 
vcm • . : 1830(s), 1770(s), 1630(m), 1595(m). 
;ppm.: 3.34(s,-,l,C4H); 5.94 and 6.0l(s,-,6,Ar0Me
2
); 
7.00(br t,7,2,ArCH 2 C3 H7); 8.65(m,-,4,ArCH2 c2 ~Me); 
9.05(br t,6,3,ArC
3
H6 Me). 
A nm .: 226,247 ,346( E =25000,25200,7900). 
C 
14 
H 16 0 5 req. C 63. 62 H 6. l 0 
fnd 63.62 6.30 
3-hyd roxy-5-m ethoxy-6-n -b uty I phtha Ii c a nhyd ride : 
46. 
The dimethoxy anhydride (above, 620mg. ,3mmol.) was 
dissolved in anhydrous dichloromethane (20mi .) and coo led to 
- 10°. Boron trichloride was added in slight excess and the mixture 
was left to warm to room temperature overnight. Destruction of the 
excess reagent with water followed by extraction of the organic 
material with ethyl acetate in the usual manner yielded a pale 
ye II ow so I i d w h i c h o n wash i n g w i th a n et h er-pet ro I m ix tu re g av e 
th e w h i t e hydroxy a n h yd r i d e ( 5 3 0 mg • ) • 
It crysta II ised from acetone-ether as plates of mp 160-2°. 
-1 
11cm. : 3200(s), 1830(s) , 1745(s), 1645(m), 1620 (s) . 
--, ppm : 3 . 3 2 ( s , - , l , C 4 H ) ; 6 • 0 6 ( s , - , 3 , A rO M e); 7 . 0 2 ( b r t , 
. 
7,2,ArC H2 C3 H7); 8.55(m,-,4,ArCH 2 C2 H 4 Me); 9.05(br t, 
6,3,ArC3 H 6Me) : 
A nm.: 227,246, 346( E = 25400, 12500, 3200). 
3-hydroxy-5-methoxy-6-L;,-butylphthalic acid: 
47 . 
Th e h yd ro x y a n h y d r i d e ( a b o v e , l 7 5 m g . ) was sh a k e n 
with 2M aqueous sodium hydroxide solution (lOml.) until solution 
was complete. Acidification with dilute sulphuric acid and 
extraction of the acid with ethyl acetate gave a colourless solid 
which crystallised from ether-petrol as rhomboids (l lOmg.) of 
mp 155-65°. 
vcm. -l: 3190(s), 1710(s), l650(s), 1600(s). 
",ppm(hexadeuteroacetone): 3.48(s,-, l ,C4H); 4.20(br, 
W l/2=60Hz. ,3,ArOH (C02 H)2); 6. 09(s,- ,3,Ar0Me); 7 .48(br t ,6, 
2,ArCH 2 C3 H7); 8.56(m,-,4,ArCH 2 C2 H 4 Me); 9.08(br t,6,3,ArC 3
H
6
Me). 
A nm.: 258, 307( E = 6000 ,4000). 
fnd. 58.31 6.05 
Dim ethy I 3, 5-d i m ethoxy -6-f2_- buty I ph tho I ate: 
The acid (above, 40mg .) was reacted with si lver 
48 . 
oxide (200mg.) and methyl iodide (0.5ml.) in chloroform solvent 
a t re fl u x f o r 6 ho u rs . F i I t ra ti o n a n d e v a po ra ti o n g av e a c I ea r , 
colourless oil (40mg.) pure by glc (1.5°/o SE30@ 185°). 
1 ppm (ca r b o n tetra c h I o r i de) : 3 . 6 2 ( s , - , 1 , C 4 H ) ; 6 • 2 0 , 6 • 2 4 , 6 • 2 6 , 
6 . 3 O ( s , - , 1 2 , A r (CO2 M e) 2 ( OM e) 2 ); 7 . 5 2 ( b r t , 6 , 2 , A r C H 2 C 3 H 7 ); 
8 . 62 ( m , - , 4 , A rC H 2 C 2 H 4 Me); 9 • 0 5 ( b r t , 6 , 3 , Ar C 3 H 6 M e) • 
Scheme 11 
2 ,4-dimethoxycyclohexa- l ,4-diene: 
Resorcinol dimethyl ether (20.2g.) was dissolved in 
a mixture of tetrahydrofuran (120ml.) and_!- butanol (90ml.). 
Ammonia (450ml .) was distilled off sodium and ferric nitrate into 
the reaction mixture and then lithium (4.2g.) was slowly added. 
Reaction time was 4 hours. The usual workup procedure (see 
previous metal-ammonia reduction) yielded a clear colourless oil 
exhibiting no uv absorption and was used without further purification 
in the next step. 
2 ,4-dimethoxy-3-n -butylcyclohexa-1, 3-diene: 
The unconjugated diene (above, 19g.) was slowly 
added to a solution of potassium in liquid ammonia (5.5g. in 
300ml .)60 • To the red solution so formed was added.!:: -butyl 
bromide until the colour was d"scharged. The usual isolation 
procedure gave a clear oil of bp 62-8°/0.3mm Hg (17.2g.). 
L. lj • 
This oil was dissolved in a soluLion of potassium..!.- butoxide in 
D M SO ( l 2 g . i n 6 0 m I . ) a n d st i r red a t 7 0 ° u n de r dry n i t ro g e n f o r 
l hour . Isolation of produ cts as described earlier gave a c lear, 
o ra n g e o i I co n ta i n i n g a b o u t 3 0 % of th e co n · u g a t e d di e n e as 
d e du c e d by u v spec t ro s co p y . Th e d i e n e m ix tu re was us e d i n 
the next step without further purifica t ion. 
)..nm.: 268( t of mix t ure 2950). 
d i e n e a pp ro x i ma t e I y l O O O O) • 
64 Ca I c. 270 ( c for c is 
3,5-dimet hoxy-4-~-butylp hthal ic acid: 
The diene mix t ure (above, l7g.) was reacted with 
dimethyl acetylenedicarboxylate (50g.) as previously described. 
The residual oil, after pyro lysis and removal of volati le 
material, was placed on a co lumn of alumina (Activity I). 
Elution with benzene-ether (3:1) gave a pale yellow gum (2.5g.) 
which on saponification with 10% ethanolic potassium hydroxide 
and acidification afforded a yellow solid (l .8g.) which crysta ll -
ised from benzene-ether as colorless needles of mp 175-6°. 
v cm.-
1
: 3100-2600(s), 1700(s). 1685(s) . 
,ppm(hexadeuteroacetone): 2.68(s,-, 1 ,C6 H); 2.72(br, 
w112=30Hz . ,2,Ar(C02 H) 2); 6.06 and 6.16(s,-,6,Ar0Me2 ); 
7.30(br t,7,2 ,A rCH 2 C3 H7 ); 8.50(m,-,4,ArCH2 C2 H 4 Me); 
9.05(br t,6,3,ArC
3
H
6
Me). 
Anm.:253,296( t: = 8860,2730) . 
50. 
fnd. 59 . 49 6.68 
Dim ethyl 3, 5-d im ethoxy - 4 - ~-buty I phtha late: 
The acid (above,43mg.) was treated with ethereal 
diazomethane to give the dimethyl ester (45mg.) as a c lear 
colour! ess oil (pure by glc, l . 5% SE30 @ 185°). 
, ppm (ca rb o n tetra c h Io ride) : 2 . 8 5 ( s , - , l , C 6 H ) ; 6 • l 3 , 6 . l 9 , 
6.2l ,6.25(s,-, l2,Ar(C02 Me) 20~e2 ); 7.39(br t ,6,2,A rC H2 
C3 H7 ); 8.55(m,-,4,ArCH 2 C2 H4 Me); 9.05 (br t ,6,3,ArC 3 H6~) . 
Sc heme V 
5-iodovanil l in: 
This was prepared by t he method of Erdtman 48 • 
I t c ry s ta II is e d fro m a c et i c a c id w i th m p l 7 9 ° (I it . 4 8 l 8 O O ) • 
'"l"'ppm(hexadeuteroacetone): 0.20 (s ,-, l ,ArC HO); 2.13 and 
2.57(d,2,2,ArH2); 6.05(s,-,3,Ar0Me). 
5- io dovera tra Ide hyd e : 
Prepared from 5 - iodovan· lin as described by 
Shriner and McCatchan49 for the 5 - bromo analogue. It 
crys tallised from dilute ethanol with mp 70° (lit. 5070-2°) . 
1" ppm(carbon tetrach o ide) : 0.23(s,-, l ,ArCHO); 2.15 and 
2.40(d,2,2,Ar H2 ); 6.07 ~nd 6. l l(s,-,6,Ar0Me2 ). 
J • 
5-iodovcratric acid: 
This was prepared from 5-iodoverotraldehyde as 
49 described by Shriner and Mc Ca tchan for the 5-bromo analogue. 
. . 0( . 51 0 It crysta l ·sed f om d lute ethanol with mp 187- 8 I 1t . 184-5 ) . 
, ppm(hexadeuteroacetone): 2.00 and 2.40(d,2,2,ArH
2
); 6.08 
and 6. l5(s,-,6,Ar0Me
2
). 
Meth y I 5 - i o do v e ra t ra t e : 
Prepared quantitatively from the acid by ethereal 
diazomethane and crys tallised from dilute ethanol with mp 104-5°. 
·, ppm (ca r b o n tetra c h I o r i de) : 2 • l l a n::l 2 • 6 4 ( d , 2 , 2 , A r H 
2
); 6 • l 4 
and 6. l8(s,-,3&6, Ar0Me
2
C0
2
Me). 
Meth y I 5 - n - b u t y Iv era t ra t e : 
( i) From m et h y I 5 - i o dove rat ra t e: 
Pure dry cuprous iodide52 . (2.2g.) w·as suspended in ether 
(dist. off calcium hydride, 35ml . ) and cooled to -10°. An atmo-
sphere of dry oxygen- free nitrogen was maintained at all times. 
~-butyllithium (2.25M in hexane, 9ml.) was added and the mixture 
was left to equilibrate for l hour. Methyl 5-iodoveratrate (700mg.) 
in dry ether (20ml.) was slowly added with a syringe. The react-
i o n m i x tu re was a 11 ow e d to w a rm to O O o v e r 5 ho u rs • At th is t i m e , 
~ -bu tyl iodide (3.5ml .) was added and the mixture was left at 0°for 
12 hours. The reaction mixture was then filtered through a bed of 
ce lite and concentrated to a yellow o"I which was dissolved in 
e h e r a n d wash e d w · th w a t e r, d i e d a n d e v a po ra t e d to g iv e a 
c I ea o i ( 0 0 mg • ) co n s is ti n g of a m ix tu re o f m et h y I v era t ra t e a n d 
the requi ed compound (a pp ·ox. 50%) (glc, 5°/o CW20M @ 180°). 
Methyl 5 - 12_ - butylveratrate was iso ated by preparative g lc (as 
above). 
vcm .-
1(film) : 1715(s), l585(s). 
c14H20o4 req . M+=252.136150 
fnd . 252.136676 
m + + o + /e: 252(100,M ); 221(20,M -OMe ); 210(40,M -C
3
H
6
); 209 
(43,M+-C 3 H7 · ); 195(25); 194(35) • . 
. * (ii) From 5-bromo-2 ,3-d methoxy-1-.!2 -bu tyl benzene: 
The bromo -a romatic (l . 09g . ,4mmo l .) was dissolved in dry ether 
and cooled to 0°. _!2 - Butyllithium (2 . 25M in hexane, 4.2mmol .) 
was added and the mixture was stirred at 0° for i hour. Excess 
solid carbon dioxide was added and the mixture was left until it 
had returned to room temperature . Dilute hydro chloric acid was 
added and the substituted benzoic acid was extracted with ether. 
The extract was separated into neutral and acid fractions a nd thus 
yielded the cru de substituted benzoic acid as a red gum (660mg.). 
The gum was sublimed at 120°/0. lmm Hg as a white solid of 
0 
mp 77 • 
* p.5 7 
5 3 . 
1 ppm:2 . 39 and 2.49(d,2,2,ArH 2); 6.08 and 6.11(6,-,6, 
Ar0Me2); 7. 52 (br t , 6, 2 ,ArC H 2 c3 H7); 8. 50 (m, - ,4 ,ArCH 2 C2 
H 4 Me); 9.04(br t,6,3,ArC 3 H6 Me). 
Cl 3 H l 8 0 4 re q . C 65 . 5 3 H 7. 61 
fnd. 65.13 7.54 
The acid was methylated quantitaHvely with diazomethane to give 
the required ester. 
- l 
11cm . (film): l7l5(s), l585(s). 
1" ppm(carbon tetrachloride): 2.62 and 2.67(d, 1,2,ArH 
2
); 6.14 
and 6.18(s,-,3&6,Ar0Me2co2 Me); 7.4l(br t,7,2,ArCH 2c3 H7); 
8.52(m,-,4,ArCH2 C2 H 4 Me); 9.05(br t,6,3,ArC 3 H6Me). 
Scheme VI 
0 tho -vera tra Ide hyde: 
Sodium hydroxide (l .5g.) was dissolved in DNf 
(30ml .) at 80°. When solution was complete (approx. l hour), 
ortho-vanillin (5.6g.) in DMF (20ml.) was added and the mixture 
was stirred until the gummy phenoxide had dissolved. Methyl 
iodide (12g . ,a FProx .3 equiv.) was added and the solution was 
stirred at 80° for 12 hours . Usual workup afforded a gummy 
ma t er i a I w h i c h f o rm e d co Io u r I e ss need es ( 3 g . ) fro m d i I u t e et ha no I 
0 30 0 
with mp 53 (lit . 54 ) . 
' . 
1-(2 1 , 3 1 - d imeth oxy pheny:) - ~ - b u-1-an - l - ol : 
The a ldeh y d e (a bove, .669 ., 10mm o l . ) was rea c ted 
w"th the Gri g nard rea ge nt made f rom mag nesiu m (0.36g ., 15mm o l .) 
a n d '2. - pro p y I b o m · de ( l • 8 5 g • , 1 5 m mo • ) . i n ·et he r so I u t i on to 
give the alcoho quanti tative ly. 
- 1 
vcm . (fi m): 3400(s), l 580(s). 
"Y ppm: 3.20(m,-,3,ArH ); 5. lO(t,6, l ,ArC H(OH)Pr); 6.20 
-3 -
(s, -,6, A 0Me2); 7. l 3(br s, -, l,O!j); 8.50(m,-,4,ArCH(OH)C2 
H 4 Me); 9 . lO(br t,6,3,ArCH(OH)C2 H4 Me). 
l The alcohol showed no traces of impurities in its H-nmr spec t rum 
and was used in the next step without further purification. 
2 ,3 - dimethoxy - l - n - buty I benzene: 
The alcohol (above, 200mg.) was dissolved in 
ethyl acetate (20ml . ) and three drops of concentrated perchloric 
acid wee added . Palladium on charcoal (60mg.) was added and 
the mixture was hydrogenated under l atmosphere of hydrogen at 
25° for 1 ho ur. The cata lyst was filtered off and the so lution was 
washed with saturated aqueous sodium bicarbonate so ution, water, 
dried and evaporated to eave a clear oil (158mg . ) 
v cm,-
1(fi m) : l595(s h), l580(s) . 
1"' ppm(carbon tetrac hl oride): 3 . 38 (m ,- ,3,A rH
3
); 6. 28 and 
6 . 30(s, -, 6,Ar0Me2); 7.45(br t,6,2,A C H2
Pr); 8.57 
(m, -,4,ArCH 2 C2 H 4 ); 9 . 09(br t,6,3,ArC 3 H6
Me). 
5 5. 
1 No t aces of impurities were seen in the H-nmr spectrum 
and e compound was used in the next step without further 
purification. 
Brom i nation of 2, 3-di m ethoxy - 1- ~-bu ty I benzene: 
The substituted benzene (above, l58mg . ) was 
dissolved in carbon tetrachloride and cooled to - 10°. Bromine 
(1 equiv.) in carbon tetrachloride (lOml.) was slowly added. 
After 3 ho u rs , th e so I u ti o n was d i I u t e d w it h pet ro I a n d washed 
with aqueous sodium carbonate (10% solution), dried and 
evaporated to leave a pale yellow oil (190mg.). 
1 ppm(carbon tetrachloride): 2.90 and 3.45(centres of AB 
quartet,8,2,ArH 2 ); 6.20 and 6.22(s,-,6,Ar0Me2
); 
7.26(br t,6,2,ArCH 2 Pr); 8.50(m,-,4,ArCH2 C2 H4 Me); 
9.02(br t,6,3,ArC
3
H
6
Me). 
This compound was the sole product and essentia ly pure by 
1 
H - nm r spec t ro s co p y • It is prob a b I y 6- bro mo - 2 , 3-d i m et ho x y-
1 - .u - bu ty I benzene (see discussion). 
Scheme VII 
5 - b omo - ortho -vanill"n: 
Ortho-vanillin was brominated by the method of 
53 
Brink in 95% yie d . -he compound crystal ised from d"lute 
ethanol with mp 128°( it. 53 29°). 
r ppm: 0.16(s, - , 1,A CHO); 2 . 72 and 2.86(d,2,2,ArH
2
); 
6 . 1 0 (s , - , 3, A rOM e) . 
5 - b ro mo - o rt ho - v era t ra I de h yd e; 
56. 
5-bromo-ortho - vanillin (2.31g., lOmmol.) was 
dissolved in DMF (20ml.) containing sodium hydroxide (4 mg., 
lOmmol . ) and the mixture was stirred at 70° for 1/2 hour. Methyl 
iodide (3 equiv .) was added and the mixture was left for 12 hours 
and then poured into water. The mixture was extracted with ether, 
washed with 2M aqueous sodium hydroxide, water, dried and 
evaporated to leave a white solid (l .5g . ) whi c h crys tallised from 
dilute ethanol with mp 84° . 
- 1 
vcm. : 1675(s) , 1580(s) . 
1 ppm : -0.35 (s ,-, 1,ArCHO); 2.44 and 2.74(d,2,2,ArH
2
); 
6.00 and 6.08(s,-,6,Ar0Me
2
). 
1 - (5' - b romo -2' , 3' - dim ethoxyph eny 1) -~ -bu ta n- 1-o I: 
5-bromo-o rtho -veratra I dehyde (800mg.) was reacted 
with the Grignard reagent (in ether) formed from magnesium (2 
equiv . ) and~ - propylbromide (2 equiv.) in the usual manner to 
give the alcohol essentially quantitatively. A 14 hour reaction 
time was required . 
- l 
vc m. (film): 3400(s), 1575(s) . 
r7 J • 
, ppm : 2.95 and 3 .12(d ,2,2,ArH2); 5 . lO(br t,6, l ,ArC H(OH)Pr) ; 
6.20(s,-,6,A 0Me2); 7.64(brs ,-, l ,ArC H(OH)Pr); 8 . 50 (m, -, 4, 
ArCH(OH)C2 H 4 Me); 9.08(br t,8,3,ArCH(OH)C2 H4 Me ) . 
The alcohol was used in the next step wi th out further purification. 
5-bromo-2 ,3-dimethoxy-1-~ -bu tyl benzene: 
The alcohol was quantitatively dehydrated to the 
styrene by refluxing in benzene solution containing toluenesulphonic 
acid hydrate (0.2 equiv.). Water was removed by a Dean-Stark 
trap over a reaction time of 6 hours. 
-1 
v cm. (film): 1645(w), 1580(s), 1560(s), 970(s). 
j ppm. 2.85 and 3.18(d,2,2,ArH 2); 3.40 and 3.80 (centres of 
AB quartet, 16 with high - f.eld portion further split into t,6,2,ArC~: 
CHEt); 6.20 and 6.28(s,-,6,Ar0Me2 ); 7.78(quintet,6,2,ArCH: 
CH C H 2 Me); 8 . 9 4 ( t , 6 , 3 , A rC H: CH CH 2 M e ) . 
0 The styrene was hydrogenated a t 25 and l atmosphere 
in ethanol using p latinum oxide catalyst (0.05 equiv.) to yie ld the 
alkylbenzene quantitatively. 
- l 
vc m. (film): 1585(s), 1570(s) . 
i ppm: 3.14(coalesced AB quartet, -,2,A rH
2
); 6.20 and 6.24 
(s, -,6,Ar0Me2); 7.44(br t,7,2,ArCH 2 Pr); 8.56(m,-,4,ArC H2
c
2 
H 4 Me); 9. 1 O(br t ,7 ,3 ,ArC3 H 6Me) . 
see p. 52 
53. 
Cu ltivation of P. te estris (Hansen) Go cnz et al . 54 : 
--
he medium, consis ting of sta c h (50g .), sod"um 
n·trate (2g.), potassium d"h ydro genph os phate (lg . ), magnesium 
sulphate heptahydrate (0.5g.), ca lcium c h oride (0.5g.) and 
ferrous su phate heptahydrate (O.O l g.), was made up to l itre 
with distilled water, divided amongs· 10 250ml. conica l f asks 
and sterilised at 20° for 1/3 hour . Each flask was then inocu l-
d . h 1 · I • 55 · d · · 11 d d ate wit a myce 10 suspension 1n 1st1 e water an 
i n c u b a t e d o n a rot ry s ha k e r f o r 5 d a y s a t 2 5 ° • After th is ti m e , 
a g O O d g ro Wt h O f fa i I y fi n e I y d j V j d e d my C e f i a W a S a p a rent. 
These were deep purple in co lour and the organism was effectively 
utilising its starch supp ly as the once gel-like medium was now 
completely liquid. This 5 day old cul ture was used to inocula te 
42 flasks of the above medium (10 ml. of shake cu lture mycelial 
suspension per flask) and these were incubated at 25° for l month 
o n th e rot a ry sh a k e r. 
Isolation of metabolites: 
The mycelia were separated from the liquid cu lt ure 
m e d i u m by fi t ra ti o n , wash e d w i th w a t er a n d free z e - d r i e d • Th e 
dry mycelia (90g.) were fine ly powd ered and exhaus t ·ve ly 
extracted with ether, acetone and methanol in a Soxh fet apparatus. 
The residual mycelia (80g . ) wee washed wi th petro a nd a·r dried 
a n d th e n a c i d · fi e d w i th co I d 2 M a q u e o us h yd ro ch Io r i c a c id , wash e d 
59 
w·th water unt· neut al to itmus and dried over sil·ca gel in 
vacuo. Further ext act·on of the mycelia with ether, ch loroform 
and acetone (Soxhlet) gave 5 . 5g . or organic material . Chroma-
tography of the chlorofo m extract (2g.) on acid washed si l ica gel 56 
produced cynodontin (400mg.) on elution with petrol. It crys tall-
ised from pyridine with mp 260°( it. 65260°). The tetra-aceta te, 
prepared as described by Raistrick 65 , had mp 223°( lit. 65224-5°). 
Further elution wi h chloroform produced a red solid consisting of 
a mixture of two compounds of similar Rf value(tlc using Silica gel 
G containing 3% oxalic acid 56 , benzene-ethyl formate 10:3). 
The solid was taken up in chloroform and diluted with methanol to 
precipitate the less polar of the two compounds (500mg.) which 
c ry st a II is e d from m et ha no I w i th m p 2 0 2 - 3 ° w it h e v o I u t i o n of gas 
and solidification, remelting at 258°. This was an adduct of 
phomazarin and methanol (molar ratio l :1 - see discussion) (400mg.). 
v cm. - l : 3400(m), 3300-2300(w), 1670(m), l 640(s), l 595- l 570(m). 
l'ppm: -2.60(br , w 112=20Hz ., 1,pyridone NH); 1.70(br,w 112 
=65Hz . ,3,(0H)2 co2 H); 2.28(s,-, l , ArH); 5 . 90(s, -,3 ,Ar0Me);_ 
6.45(s,-,3,HOMe); 7.26 (br t ,7,2, ArCH
2
Pr); 8.46(m, - ,4, 
ArCH 2 C2 H4 Me) ; 9 . 02(br t,6,3,ArC 3 H6 Me) . Addition of o2o 
destroyed the adduct and precipitated phomazarin. 
The remain ng so ution, after methanol precipitation 
of phomazar · n, was concentrated to about 1/5 of its former volume 
l . 
and a red so "d (contaminated with phomazarin) 80mg . ) was 
obtained on cooling. Thee crystallisations from glacial acetic 
ac·d p oduced deep red need es of mp 215-6°(60mg.), the 
metabo i·e of tentat·ve str ct ure (70). 
1 p pm (t r i fl u o ro a c et i c a c id): 1 • 7 2 ( s , - , 1 , A r H ) ; 5 • 6 8 ( s , - , 3 , 0 M e) ; 
7.06(br t,6,2,ArCH 2 Pr); 8.40(m,-,4,ArCH2 C2 H 4 Me); 8 .97 (br t, 
6, 3 ,ArC 3 H 6 Me). 
m/e: 387(100,M+); 358(1 l ,M+-C
2
H
5 
·); 344(28,M+-C
3
H
7 
·); 34 3 
(43, M + -CO2); 341 (28, M +-CO, H2 O); 300(28, m/ e343-C3H7 • ); 
* 271( 2,m/e300-CH2 0). M at 304,262.5,257,245. 
The remaining mycel ia were washed with petro I and 
air-dried. They were then refluxed with 10% dry hydrogen 
chloride in methanol for 2.5 hours, coo led to 0°, filtered free 
of reagent and air-dried. Soxh et extraction of the mycelia with 
chloroform gave a red so id (l .5g.). Severa l crystal li sations of 
th is ma t e r i a I from m et ha no I y i e I d e d 5 0 0 mg • of p u re p ho ma z a r i n 
methyl ester with mp 213°(1it. 172 13°) . 
Scheme V 
Dimethyl 3,4-dimeth oxy-5-n-bu tylphthal ate from phomazari n~ 
Phomazarin was conve rted to tri -0-ace ty -p homazarin 
II 18 
a n d ox i d is e d w i th c h ro m · c a c i d as d es c i bed by Ko g et a I • • 
The crude 3-hyd oxy-4-methoxy-5-~-butylphtha l ic acid so 
obtained was methylated with methyl iodide and silver oxide in 
6 . 
refluxing ch oroform (Pu die) . Dimethy 3,4- dimethoxy-5-~-
butylphJ.ha aJ.e was then pu · .cie by p eparat·ve glc (1 .5°1oSE30@ 
185°) to give a clea r colour1ess oi l in approxima tel y 3% yie ld 
from t i- 0 - a c ety I ph o maza r· n . 
, ppm(carbon tetrachloride): 2. 45(s, -, 1 ,C6 H); 6.10 and 
6.18(s,-,3&9 ,A r0 Me2 (C02 Me )2); 7.39 (br t ,6,2, ArC H2 Pr); 
8 .50 (m, -, 4,ArCH 2 C2 H4 Me); 9.03 (br t ,6,3,ArC3 H6Me) . 
M et h y I 5 -~ - but y Iv e ra t ·a t e from p h orrn z a r i n: 
Tri-0-methy phomazarin methyl este r was prepared 
II 18 
as described by Kogf It crysta llised from ether with mp 
130°(1it . 8 130°) . 
1 ppm: 2. lO(s, -, l ,ArH); 5.88, 5.95, 5.99, 6.04(s,-, 
3&3&6&3,Ar0Me4 co2 Me) ; 7.26(br t ,7 ,2 ,ArCH 2 Pr); 8.50 
(m,-,4,ArCH 2 C2 H4 Me); 9 . 02(br t,6,3,ArC 3 H6 Me). 
ucm .-l 1725 (s), l675(s), l660(s) , l 575(m). 
Tri -0- methylphomazar· methyl ester (50mg .) 
was dissolved in a c hl oro.co rm - methano l mixture (3ml. in 10ml .) 
and subjected to an ozone-oxygen stream at 25° until the 
solution ha d t urned co lou r ess (1 hoUi) . The so vent was 
evaporated eaving a pale yellow gum whi c h was dissolved in 
2.5% meJ.hanolic potassium hydroxid e solution (5ml.) and 
warmed to 70° ro ll o wed by treatment with 30% aqueous hyd ogen 
peroxide (1 .5 ml . ) fo r 1/2 hour . The mixt e was quenc hed with 
6 2. 
water and extractea with e t hyl acetat e . The almos t colourless 
gum so obtain.ed (after washing the ext act wi th brine,drying and 
cva po at·on) was dissolved in dic h oromet hane and coo le d t o 
- 1 0 ° a n d re a c t e d w i th a s I i g ht ex c es s of b o ro n tr i c h I o r i d e f o r · 
1 hour 
36
. The reaction mixture was then treated with water· 
(10ml . ) , concentrated sulphuric acid (1 drop) and refluxed for 
4 ho u rs . Th e coo I e d so I u ti o n was extra c t e d w i th et h y I a c et a t e 
in the usual manner to afford an orange gum (15mg.) which was 
reacted with methyl iodide (lml.) and silver oxide (150mg.) in 
chloroform at reflux for 3 hours. The reaction mixture was 
filtered and evaporated to leave an orange gum (l 2mg.) from 
which me hyl 5-!:_-butylveratrate was obtained (5mg.) by pre-
parative glc (5% CW20M@ 180°) . The ester was shown to be 
chromatographically and spectrometrically identical with a 
synthetic sample (1 H-nmr, uv, ms.). 
Phomazarin (250mg.) was converted to tri - 0-acetyl 
phomaz II 1 8 1n (150mg.) by the method of Kogl • The acetate 
was a yellow powder of indefinite mp. Oxidation of this material 
w it h c h ro m i c a c i d as d es c r · b e d by Ko g I 
II 18 
gave an orange-red 
gum (20mg .) after hydro I ysis of the a c etoxy group. Th is gum was 
dissolv din hot water (lOml.), fi tered and the resu lt ing clear 
solution was acidified to pH2 with concentrated sulphuric acid 
( 1 d ro p) . Th e a c i d i f i e d so I u t i o n was ref I u x e d f o r 2 . 5 ho u rs a n d 
63 . 
concentrated to 2ml. under vacuo. This solution was extracted 
with ether and the ether extracts were washed with so tura ted brine 
so I u ti o n , d r i e d a n d ev a po ra t e d to I eave a n o ra n g e g u m ( l Om g . ) • 
Purdie methylation of this material followed by purification via 
preparative glc (5%CW20M@ 180°) gave a clear oil (2mg.), 
the mass spectrum and uv spectrum of which was identical with 
those of synthetic methyl 5-.:!-butylveratrate. 
Methyl ester of the unknown metabolite: 
The metabolite (20mg.) was dissolved in methanol 
(2m I.) which contained one drop of concentrated hydrochloric 
acid and the solution was refluxed for 3 hours. A fluffy red 
prec i pi tote formed which cou Id be c rysta II ised from m etha no I 
as red needles (20mg.) with mp 201-2°. 
-1 
u cm. : 3575 and 3530(m), 1730(s), 1640(sh), l600(s). 
1 ppm: -3.76, -2.70, -2.60(s,-,3,(0H)
2 
pyridone NH); 
2. lO(s,-, l ,ArH); 5.84 and 5.96(s,-,6,0Me,C0
2
Me); 7.23 
(br t,6,2,ArCH 2 Pr); 8.50(m,-,4,ArC H2 C2.!j4 Me); 9.03(br t, 
6, 3, A rC 3 H 6 Me) • 
" nm. :248, 263( c - 34000 ,40000). 
Tri-0-methyl methyl ester of the unknown metabolite: 
The methyl ester (l5mg.) was dissolved in chloro-
form ( l m I • ) a n d rea ct e d w it h m et h y I i o d i de ( 2 d ro ps) a n d s i Iv er 
ox i d e ( 1 0 0 mg . ) a t ref I u x for 2 ho u rs . Th e re a c t i o n m ix tu re was 
filtered and evaporated to leave a yellow semi-so1id (lOmg.). 
The major component was obtained by preparative tic (Silica Gel 
G impregnated with oxalic acid 
56
, benzene-ethyl formate 10:3) 
as a powdery yellow solid (5mg.). 
1 ppm: Only methoxyl protons distinguishable above noise level 
at 5.88(1); 6.01(2); 6.04(2). A signal just above noise level at 
2. lO(s,-, l ,ArH) and broadened areas for the protons of the 
!2 - bu ty I g ro u p • 
Isolation of phomazarin from Poterrestris(l-'bnsen) Gorenz et a I . 
. II 17 57 
bl' the method of Kogl ' • 
A b a t ch of d r i e d my c e I i a w e re extra ct e d as d es c r i bed 
II 1 7 
by Kogl • The phomazarin crystallised from pyridine with mp 
198-9° (I it. 17197°). 
-1 
u cm. : 1635(s), 1540(m). 
This sample was recrystallised from methanol with mp 200°. 
Mixed with the previously mentioned phomaza ri n-metha nol 
0 1 
adduct the mp was undepressed at 200 • Ir and H-nmr spectra 
were also identical with those of the adduct. 
Scheme 111 
43 Acylation of resorcinol by the method of Dohme . 
Resorcinol (4.8g.) was reacted with butyric acid 
65 . 
( l 1 g . ) a n d a n h y d ro us z i n c c h Io r i d e ( 6 . 3 g . ) as d es c r i b e d by 
43 
Do h m e et a I . • T h e c r u de pro du c t was is o I a t e d as a red o i I 
--
(4g .). A compound with a green fluorescence was removed 
during workup with saturated aqueous sodium bicarbonate. The 
red oil consisted mainly of 2,4-dihydroxy-butyrophenone. 
r ppm(hexadeuteroacetone); 2. 35(dd,7&1,C6H); 3.70 
(dd ,7&3,C5H); 3.77(br s,-,C3H). 
Distillation of this oil gave a colourless oil (3.2g.) with bp 
144°/0. lmm Hg which solidified to a white solid of mp 62°. 
l This material showed the same H-nmr spectrum as the crude 
reaction mixture. 
Demethylation of chloro di-0-methyldecarboxydesoxyphomazarin: 
Ch lo ro di-0-m ethy I deco rboxydesoxyphomaza ri n (50) 
(20mg .) was dissolved in methylene chloride and cooled to -10°. 
Boron trichloride in slight excess was added and the mixture was 
left for 3 hours. Destruction of excess reagent with water followed 
by isolation of organic material in the usual manner afforded a red 
solid (l5mg.) which crystallised from methanol with mp 211-2°. 
This compound was probably 4-chlo ro-5, 6-dihydroxy-3-methoxy-
7 -~ - bu ty I - 1 - a z a - a nth ra q u i no n e • 
-l 
v cm. (chloroform): 3520(m), l670(m), l640(s). 
1 ppm. 1.34 (s, -, l ,C2H); 2.30 (s,-, l ,C8H); 5.83 (s,-,3,0Me); 
7.23 (t ,6,2, ArSH 2 Pr); 8.50 (m,-,4,ArCH 2 C2 H4
Me); 
9.03 (t,5,3,ArC 3 H6Me). Two one proton singlets at 
-2.62 and 3.62 disappeared on addition of water. 
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SECTIO N (11) 
SYNTHETIC APPROACHES TO PROSTAGLANDINS 
They sought it with thimbles, they sought it with care; 
They pursued it with forks and hope; 
They threatened its life with a railway share; 
They charmed it with smiles and soap. 
from 'The Hunting of the Snark. 1 
by Lewis Carroll. 
/ J. 
INTRODUCTION. 
( i ) G e n e ra I : 
The prostaglandins constitu te a family of fatty 
acids based on the 20 carbon atom prostanoic acid structure (1). 
15 
1 
The acids are divided into four categories defined by various 
arrangements of double bonds, hydroxyl and ketone groups, 
these being abbreviated for convenience as PG(prostaglandin) 
A,-8,-E and -F. * To date, fourteen naturally occurring pros ta-
glandins have been isolated and these are shown on Figure 
(la). Six E and F compou nds make up the primary prostaglandins 
and these are biosynthesised from eicosatri-, -te tra and 
-pentaenoic acids (vide infra). Further modification by de-
hydration, double bond migration and C19 hydroxylation pro-
duces the known natural secondary prostaglandins. 
The prostaglandins possess potent hormonal ac tiv -
ity and have potential therapeutic use as contracep ti ves, 
1-5 abortifacients and to initiate child-birth at term 
* 
excluding marine sources 
• 
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Prevention and alleviation of stomach ulcers, control of 
inflammation and blood pressure and the relief of nasal con-
gestion and asthma symptoms are other applications curre nt ly 
1-5 
under investigation 
• 
(ii) Isolation and Structure: 
Although the first experiments which indicated the 
pres e n c e of a s u b st a n c e i n th e pros ta t e g I a n d of ma n w i th s i g-
n if i cant vasodepressive activity were made as early as 1913 by 
6 
Battez and Boulet , it was not until 1930 that the first system-
atic study of specific compounds in the male accessory glands 
was commenced by Kurzrok and Leib7 • These workers reported 
that the application of fresh human semen onto isolated human 
uterus strips could cause strong contraction or relaxation. 
Towards the middle 1 30 1s I 
8 9 
Goldblatt and von Euler , working 
independently with partially purified lipid fractions of seminal 
plasma, collected exhaustive data on the smooth-muscle stim-
ulating and the vasodepressive action of the lipids. The term 
"prostaglandin" was coined by von Euler in 1935 lO to indicate 
th e a c t iv e p r i n c i p I e i n th e f ra c ti o ns • Th e a c t iv e pr i n c i p I e co u I d 
be extracted from the acidified aqueous mixture by ether or 
chloroform and separated from a number of known autopharma-
cologically active substances. Lipid solutions cou ld be deprived 
of their prostaglandin content by extraction with alkali, barium 
I, . 
72 . 
hydroxide forming a stable water-soluble salt which could be 
dessicated and maintained its biological activity over several 
years l l, l
2
• This salt served as a standard with an activity 
f 12 · · 11 · h d bb. . . l 2 o units per m1 1gram w en teste on ra 1t 1e1unum • 
The barium salt was subjected to further purification 
by Bergstr~m 
13 
who utilised chromatography and counter-cu rrent 
d is tr i but i o n a n d is o I a t e d th e act iv e p r i n c i p I e i n th e f o rm o f th e 
acetylated methyl ester with an activity of 475 units per milli-
11 II 14 
gram. In 1957, Bergstrom and Si ova II reported the isolation 
of an active prostaglandin factor, abbreviated PGF, in crystal!-
i ne form. 0 The compound melted at 102-3 and possessed the 
molecular formula c20 H36o5 (MW 356.49). This compound 
exhibited the smooth-muscle stimulatory activity possessed by 
the crude I ipid fractions but not the vasodepressive effects also 
observed in these fractions. A second prostaglandin factor, 
II II 
abbreviated PGE, was isolated by Bergstrom and Sjovall in 
1960 
15 
with mp 115-7° and mo! ecu lar formula c
20
H 
34
0 
5 
(MW 354.5). It exhibited the previously mentioned vasodepress-
ive activity but not the smooth-muscle stimula tion action of 
PGF. PGE could be converted by borohydride reduction into 
two compounds, one identical with PGF 16 • The other was 
shown to be the c9 epimer of PG F 
17
. These three compounds 
were later renamed PGE 1, PGFla and PGFl,B respectively 1
8
• 
Mass spectrometry established the number of hydroxyl groups in 
I .J 
the three compounds and the presence o f an easily detached 
group with molecular weight 71 (n-pentyl). Ir evidence indi -
cated the existence of one trans double bond ond a carbonyl 
group (PGE 1) which was not conjugated and was probably 
present as a cyclopen tanone. From this data and a series of 
II 17 19 
degradations, Bergstrom _:I 5:!_. ' were able to propose a 
structure for PGE 1• The structure of PGF 1 
a was X-ray 
. 20 
crystallographically confirmed by Abrahamsson • Nugteren 
21 
et al. established by enzymic studies that the earlier con-
figurations should be reversed and so led to the present ly accepted 
configuration of the prostaglandins shown on Figure (la). 
(iii) Biosynthesis: 
Once the structures of PGE
112 
and 
3 
had been 
elucidated, a successful biosynthesis of PGE
2 
was carried out 
from arachidonic acid by workers at the Unilever Research 
Laboratories at Vlaardingen 22 and the Karolinska Institute in 
23 
Stockholm • Subsequently, the enzymic conversion of dihomo-
1. I . .d d . · ·d h. d24 
'Y - 1no e1c ac1 an e1cosapentaeno1c act was ac 1eve • 
By using Cl9 unsaturated fatty acid analogues, ~-PGE
1 
and 
2 
could also be biosynthesised . The Cl8 analogue was not converted 
25 
by the enzyme system • All three oxygen atoms incorporated 
during the biosynthesis were derived from molecular oxyg en , those 
at C9 and c11 originating from the same oxygen molecule an d an 
8 
- /\ 
FIGURE lb 
Biosynth esis of th e Pri mar y Prostaglandi ns 
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74 . 
intermediate peroxide between these two carbon atoms was 
s u g g est e d 
2 6 
' 
2 7 
' 
2 8 
• Th is c y c I i c p e ro x i de ma y th e n b re a k u p 
with change of oxidation f evef to give PGE
1 
or, by reduction, 
PGF • The lack of interconversion between PGE2 and PGF2 1~ a 
during their biosynthesis from arachidonic acid could then be 
explained 
27
. The intermediate peroxide also accounts for the 
cis relationship of the C9 and c 11 hydroxyl groups of the 
naturally occurring F-prostaglandins. The proposed biosynthetic 
sequence is illustrated by Figure (lb). A fuller discussion of the 
biosynthesis may be found in II Prostaglandins. 11 , a book by 
29 II 30 
von Euler and Eliassen and a review by Bergstrom • 
\ 
(iv) Synthetic Approaches: 
A review of prostaglandin synthesis covering the 
period of 1966 to 1969 has been presented by Bagli 31 and 
only selected aspects will be discussed here. In 1969, the 
first synthesis of a prostaglandin in its naturally occurring (levo) 
form , (-)-PGE 1 , was reported by Corey and his associates at 
32 
Harvard • In this approach, the nitroketal (2) ( an inter-
mediate previously used by this group to synthesise the racemic 
prostaglandi ns E1 , F1 d , A 1 , B and the 11 - epi a an {j 1 -
33 34 
compounds ' ) was converted to the racemic diol (3a) 
as shown below. 
(cH2)6c 1) SnCl4 ,,,(c.H~)6 C 
> 
:i.) Zn ( BH4)~ ·C5 H \\ 
3) M.ilcl base.. I 
I 
• 
l OH OH 
c.s Hit 3 a ~:; 02 
-
2 b R:: ' H,i -
The racemic amine (3b), prepared by aluminium amalgam re-
duction of (3a), was resolved by crysta II isation of the diastereo-
meric salt formed on treatment with (-)- a -bromocamphor- rr 
-sulphonic acid in ethyl acetate. The levo amine cou ld then 
b ( ) PG E b I . h 33, 34 e converted to - - 1 y ear 1er met ods • 
A number of prostaglandin syntheses relying on 
intramolecular cyclisation of suitabley substitu ted alicyclic 
h b bl . h 31 , 35-40 compounds ave een pu 1s ed over recent years • 
Ideally, a sequence of this type should conform to the following 
conditions: (i) stereose le ctive ring closure to give a five carbon 
ring with the substituen ts placed in th eir correc t stereochemical 
relationship; (ii) the substituents allow sufficient variation to 
beattained in subsequent reactions hence enabling a series of 
76 . 
prostaglandins to be synthesised from the same precursor; (iii) 
the substituted cycfopen tane to be obtained from eas"ly access-
ible starting mater"als with the feast number of synthetic steps. 
36 For example, Martel~ <:J... synthesised the cis-trans epoxy 
olefin (4) which cyc lised in base stereospecifically to the 
hydroxy o I e f i n ( 5) • A I k y I a ti o n of ( 5) w it h 7 - bro mo - h e pt - 5 - e no i c 
acid ethyl ester gave the diester (5a) which was then trans-
+ + 36 formed into both (-)-PGA
2 
and (-)-PGB
2 
. 
4 5 
OT'HP 
5a 
77. 
It would appear that (~)-11-deoxy-PGE2 could be obtained from 
+ ( 5 a ) by est e r h yd ro I y s is a n d de ca r boxy I a ti o n a n d h e n c e ( - )- P G E 
2 
may be av a i I a b e fro m th is ro u t e v i a m i c rob i o Io g i ca I h y d ro x y I a t i o n 4 1 • 
(CH2 blozEt 0 (c.. H2) C.Oz. H 
st ps 
!> 
OHC cs H, s-Hn 
OTHP OH 
6 
Attempts by Strike and Smith 35 to induce thermodynamically 
co n t ro 11 e d i n t ra mo I e c u I a r a I do I i so ti o n of a s u i ta b I y subs ti tu t e d 
levulic aldehyde (6) produced a diastereomeric mixture containing 
13, 14-dihydro - PGA 1 • The problem of stereochemistry control 
during cyc lisatio n was circumvented in the procedure of Miyano 
39 
et a I . • The diketone (7) forms no new asymmetric centre on 
condensation to (8) . The aldehyde (9), formed from (8) by 
oxidation , could be transformed by standard procedures into 
prostaglandins .. Separation of diastereomers formed during later 
stages wa s required and no modification of the c
8 
sidechain was 
possible . 
' . 
0 
OH 
7 8 
OH 
9 
The best approach to date toward the synthesis of 
a substituted c y c Io p e n ta n e w i th th e des i ra b I e f ea tu res p rev -
iousl y mentioned has been achieved by the Harvard group. 
Their intermediate is the iodolactone (lOa), obtainab le in five 
steps from 1-methoxymethyl-cyclopentadiene. Optical reso-
lution of the acid (lOb) is also easily achieved and the op t ic-
ally active lactone (1 Oa) may be obtained by treating the sodium 
salt of (l Ob) with potassium triiodide. 
co H 
. I 
CH2,0Me OH OH 
OH 
10a 1 1 
From this intermediate, the Harvard group has synthesised all I 
six primary prostaglandins in their naturally occurring (levo) 
42-44 . 
form • An alternative sequence from a similar inter-
mediate to PGE 1 and PG Fla has also been described 
45
• The 
optical isomer of the iodolactone (1 Oa), (11), has been con -
verted to ent -1 1, 15-epi-prostaglandin E
2
(12), a compound with 
46 smooth-muse I e stimu la tio n activity approaching tho t of PG E
2 
• 
COzH 
OH OH 
12 
An alternative approach to the solution of stereo-
chemical problems has been developed at the Upjohn Company. 
Th is g ro u p u ti I is e d th e e n do - b icy c Io h ex a n e ( 1 3) w h i ch co u I d be 
converted to the keto-ester (14) as indicated. 
OTHP 
, 
.. 
.. 
-
13 
CHO 
,,, 
'H 
l) \,Ii 
J.) 
. 
s 
+ on ~' O-,.. J 
3) U<~lation of 
Ke+one 
80 . 
14 
The c8 a epimer (prostaglandin numbering) was predominant 
(4:1) and represents thermodynamic equilibrium 47 . Hydroxy-
lation of (14) fol lowed by solvolysis of the readily formed bis-
+ 
methanesulphonate (15) gave a mixture of (-)-PGE
1 
methyl 
+ . 
ester and (-)-l5-~-PGE
1 
methyl ester. 
0 
.,,,,, H 
15 
Other variations of this process have been published 4 s-5 o_ 
These variations consist of the addition of unsaturated c
8 
side -
chains and the use of different leaving groups and solvolytic 
conditions for the formation of the 11-hydroxyl group and the 
. . 
cl2 side-chain. 
The problem o f efficient stereochemical contro l at 
C during reduction of the 15-ketone to the required 15($) -15 
alcohol has been substantia lly resolved by Corey and co-wo rkers 
51 
at Harvard. An earlier paper by this group reported a method 
utilising bulky trialkylboranes as reducing agents which resulted 
in a 15(S):l5(R) ratio of 4.5:l. In a later paper 52 , this ratio 
was increased to 92:8. The exce llent contro l was mainly due 
to the _e-phenyl-phenylurethane derivative of the c
11 
alcohol 
which locked the c15 unsaturated ketone in the s-cis-conformation. 
A t ta c k o n th e u n h i n de red s id e by a bu I k y tr i a I k y I b o ra n e th e n 
produced almost quantitative amounts of the 15(5)-alcohol. 
Since the beginning of 1972, the trend in prostaglandin 
synthesis has moved towards the formation of substituted cyclo-
pentenones such as (16), the c
12 
side-chain then being added 
by (i) conjugate addition of the vinyl group (by l i thium divinyl -
cuprate) followed by oxidation to the a ldeh yde and c hain exten-
sion by standard Wittig reactions 53 or (ii) directly by use of 
suitably functiona li sed lithium divinylcuprates 54 , vinyllithium 
compounds 
55 
and alkynyla lum inium or gallium salts 56 . The 
vinyl copper reagent (1 7), when reacted with the tetrahydropyranyl 
ether of (16), gave (~)-15-deoxy-PGE
1 
stereospecifically 56 , 
presumeably proceeding under thermodynamic control. Simi lar 
results were obtained with he fun c t ·ona li sed vi nyllithium (18)55 • 
0 
OH 
16 
/ 
Cu.. 
1 7 
2. 
This same stereoselectivity was also found to hold for function-
alised lithium divinylcuprates 54 • The disadvantage of divinyl-
cuprates just mentioned lies in the wastage of the one non-
transferable vinyl group. This is annoying since the optically 
active groups are obtainable only by a several-step synthetic 
57 process. To this end, Corey and associates have developed 
mixed cuprate reagen ts containing one non-transferable group. 
The best group so far utilised is 1-pentyne and the initial studies 
indicate an impressive potential application of these mixed 
reagents . These workers are curren tly investigating the coupling 
of the alkylborane derived from (19) and the substituted bromo-
octyne (20). Successful coupling of (20) with the cyclopentene 
(21) by hydroboration has been achieved in good yield 58 • 
19 20 
83 . 
Me 
o- Si ( Me ).2 i-Bu. 
21 
Homoconjugate addition of functionalised lithium 
vinyl(l-pentynyl) cuprates to the cyclopropane (22) is under 
59 
investigation at Harvard • The vinyl derivative (23) was 
obtained in good yield from (22) with lithium divinylcuprate 
reagent. 
.. 
.. 
.. 
OTH? 
22 
(v) Marine Sources of Prostaglandins: 
OTHP 
23 
In 1969, Weinheimer and Spraggins60 found that the 
gorgonian sea whip, Plexaura homoma ll a, contained a prosta-
glandin isomer, (15R)-PGA 2 (15-~-PGA2), in remarkably high 
84 . 
con cent ration - between l a n d 2 % o f the wet weight . Th is 
isomer occurred in conjunction with i ts ace tate methyl ester. 
M I h U · h 61 h f d . f ore recent y, t e po n group as oun new varian ts o 
the gorgonian which contain two biologically active prosta-
glandins, (15S)-PGE 2 and (15S)-PGA2 , present in amounts o f 
0.06 and 1.4% respectively of the wet weight. The methyl 
ester of the latter compound comprised an additional 0.4o/o of 
the wet weight. The synthesis of PG E
2 
and PGF 
2 
a from both 
62 (15R)- and (15S)-PGA2 has been reported • The gorgonians 
investigated by the Upj ohn group also contain a new prosta-
glandin, 5 - trans - PGA 2 , in amounts varying from 5 to 15% of 
63 the amou n· of PGA present • 
2 
(vi) Prostaglandin Analogues: 
The synthesis of 7-oxo-pros taglandin analogues has 
been reported by Fried and co-workers 64165 • O th er ana logues 
synthesised by this group are 7-oxa(or thia)-prostynoic acid (24) 
and a number of compounds having reversed stereoc hem is try at 
the 8, 11 and 12 positions2 • 
0 
.; .. 02 
x=os ) 
-<: -;- C 
.. 
:: 
0 C\-1 
24 
One of these , ent - 11, 15 - ~ - PGE 2 , has been mentioned earlier 
. h . . d . 46 
1 n t I s I n t ro u c t I o n . Some of these compou nds a re pros ta -
glandin antagonists while o thers blo c k the ac t ·on of the prosta-
2 
glandin degradation enzymes . The 16, 16-di methyl de ivative 
of PGE2 methyl ester and (15S)-methyl-PGF2 a are also 
currently under pharmacologica l scrutiny 2 • 
The work con tained in thi s part of the thesis presents 
so m e a pp ro a c h es to th e s y nth es is of p ro st a g I a n d i n s u t i l is i n g th e 
ring contraction of phenol and related compounds, to function-
alised cyclopentenes. 
C. 
OH 
44a 
Ketone (44a) and some of its derivatives which exhibit anomalous 
l 
H- nmr spectra are described and an explanation for this be-
haviour is presented. 
DISCUSSION: 
THE RING CONT RA CTION OF PHENOL AND RELATED 
COMPOU DS: 
.. 
H h80 , 81 "b d A I most n i net y ye a rs a go , a n t zs c d es c ri e 
a degradation reaction of phenol caused by bubbling c hl o rine 
th rough a co I d a q u e o us sod i um h yd ro xi d e so I u t i o n of th is com -
pound . From the reaction mixture, after destroying excess 
so d i u m hypo c h I o r i t e w i th h yd ro c h I o r i c a c i d , H a n t z s c h was a b I e 
to isolate two compounds - 2,4,6-trichlorophenol and an acid 
whose structure was not defined but stated to be one o f the three 
compounds (25-+ 27). Trichlorophenol was an intermediate in 
this reaction .since it could be converted to the same acid under 
identical conditions. This acid, purified via its ammonium salt, 
was decomposed by 18M sulphuric acid with the evolution of 
hydrogen chloride to give another acid which Hantzsc h formulated 
as (28). Pyrolysis of acid (28) was reported to give 2,2-dic hloro -
cyclopentane - l , 3 - dione . Hantzsch's formu lations are shown on 
Sc heme (I) . 
( i) S t ru c tu re of th e H a n t z s c h a c i d : 
This degradation reaction of phenol was re -inves tigated 
in recent years by Moye and Sternhell 82183 who were able to de-
fine the structure of the Hantzsch acid as (25). The su lphuric acid 
OH 
25 
- -
26 1& H2.S04 > 
or 
27 
SCHEME I 
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C. \ CJ 
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Cl OH Cl Ol, 
"-c1-1-l-~-CH=c/ / \ 
Cl 27 COiH 
C C.\2. C.OC. =CH COC.o2 H 
28 
~ ro l SIS 
decomposition product was acid (29) and the pyro lysis pro d uct 
of this latter acid was shown to be the dione (30), not 2,2-
dichloro-cyclopentane-l ,3 - dione as reported by Hantzsch. 
OH CH 
29 30 
l 
The H- n mr spectrum of the Hantzsch acid, which showed the 
87. 
presence of two allylically coupled protons (J=l .8Hz.), ex-
cluded structure (26) and the uv spectrum, showing no absorption 
above 220 nm . , rejected structure (27). By monitoring the 
decomposition otthe Hantzsch acid in sulphuric acid by 1H-nmr 
spectroscopy, the structure of the resulting product could be shown 
to be acid (29) which was stated to be formed from the transient 
intermediate (31) by allylic rearrangement. Pyrolysis of (29) 
would cause decarboxylation of the {3 -ketoacid with the form-
l ation of the dione (30) whose structure was confirmed by H-nmr 
spectroscopy and mass spectrometry. These transformations are 
reproduced on Scheme (II) and a mechanism for the formation of 
the Hantzsch acid (25), as proposed by these workers, is illustrated 
87a 
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OH 
on Scheme (Ill) . 
reaction by 
An independent study of the phenol degradation 
84 
Burghstahler ~ ~- a lso reported structure (25) 
for the Hantzsch acid. 
84 
Burghstah le r~ .9.!. used acid (25) to synthesise 
., ' 
~ '~ . 
(!)-caldariomycin (32), a metabolite of Ca ldariomyces fumago 85 , 
whose structure had been confirmed by an earlier synthesis86 • 
Hydrogenation of acid (25) over palladium on c harcoal gave the 
saturated acid (33). The characteristics of the 0-H stretching 
32 33 
patterns in the ir spec tra of the methyl esters of acids (25) and 
(33), when compared with those of the trans diol (32) and its cis 
epimer, indica ted a trans co nfiguration o f the hydroxyl groups in 
both (25) and (33) . Some evidence for an intramolecular carbonyl-
h yd ro x y I i n t era ct i o n i n th e m e thy I est e rs o f ( 2 5) a n d ( 3 3) was 
89 . 
obtained from ir and 1H-nmr comparisons with the related methyl 
ester diacetates of these two acids and again a trans-diol configur-
a tion was implicated. However, in the absence of more explicit 
e v id e n c e , th e re I a ti v e st e re o c h em is try of a c id ( 2 5) was st i II 
regarded as uncertain. 
87-89 . 
Strunz~~- synthesised the related acids (34a) 
and (34b) by hypochlorite-induced ring contraction of meta-cresol 
and m eta-~-propy I pheno I. The acids were reduced with sodium 
a ma I g a m to g iv e the de c h I o ro a c i d s ( 3 5 a) a n d ( 3 5 b) w hi c h , aft e r 
conversion to their methyl esters, were converted via Jones' 
oxidation to the (2:)-cryptosporiopsin analogue (36a) and (2:)-
dihydrocrypto sporiopsin (36b) . The latter compound could be 
+ 
transformed to (-)-cryptosporiopsin (36c) by allylic bromination 
c.o2 H 
Cl R 
H 
C. l 
t' 0 
34 a = Me 35 a 'R= Me 36 a R:: Me. 
b R-;: n-Pr b '"R :: !}-?r b R -=- _ -P 
C R= C R: -c !C H .I f!) 
and dehydrobromination. Cryptosporiopsin (36c) is a me tabolite 
f C . . 90 h h d b I o a ryptosporiops1s sp. w ose structure a een previous y 
91 92 d et e rm i n e d by th es e w o r k e rs ' • At th is stag e , how e v er , t he 
H 
10. 
relative stereochemist y of (36c) was still unknown although a 
cis relationship of the hydroxyl group and the c
5 
proton was 
implied from the downfield shift observed for this proton in the 
l 92 83 
H -nmr spectrum of the derived acetate. Moye and Sternhe l I 
reported that the sodium-amalgam reduction product (35c) of the 
Hantzsch acid probably possessed a cis relationship between the 
C 4 - C 5 p rot o n s (from co u p I i n g co n st a n ts a n d c h em i ca I s h if t d a ta) . 
This data, when combined with the evidence for a cis relationship 
between the c1 hydroxyl group and the c5 proton in cryptospori-
opsin (36c), implied a trans relationship between the c
1
-c
4 
hydroxyl groups in acid (25) - a result in agreement with the 
earlier work of Burghstahler ~~- 84 . Cryptosporiopsin (36c) 
was later shown to be identical with a metabolite isolated from 
b h S . ff. . 9 3 ot pororm1a a 1n1s d P . . . 94 h a n e r I co n I a mac ro s p I nos a , t e 
relative stereochemistry of this metabolite being known from the 
X-ray crystallographic work of McGahren~ ~- 93 and was as 
shown in structure (37). The stereochemistry of the Hantzsch 
/·02~ ,,COa_ H HO /co2 H 
... , 
.. /R C.l R H 2 
C.( 3 
C. \ ,,,,, Cl c.. \ 
OH 
37 }~ .a 'R= 1-\ )2 a R:: H 
b R-= Me b R =- Me 
C R ~ n -Pr C R -=- b.-Pr 
d R : -cc~i )bC02 H 
-) . 
acid was therefore that shown in (38a). For the remainder o f 
this discussion, stru ctures shown will be based on (37) and (38a). 
(iii) Known transformation of the acids (38): 
Since it was proposed to utilise the ring contraction 
of phenol and related compounds for the formation of the five-
carbon ring of the prostaglandins, a survey of known reactions of 
the acids (38) was undertaken to ascertain whether these could be 
adapted for the production of suitable synthetic intermediates. 
Burghstahler~ ~. 
84 
found that the saturated acid (40), 
read i I y obta i nab I e from hydrogenation of (38a) with pa II ad i um on 
charcoal, could be transformed to 2,2-dichloro-cis-cyclopentane-
l ,3-diol by the reduction of the crude ketone (41) with sodium 
borohydride in isopropyl alcohol. Ketone (41) was obtained by 
oxidative decarboxylation of acid (40) with lead tetra-acetate 
in acetic acid. The decarboxylated material was not purified or 
characterised but used directly in the reduction step. 
40 
C\ 
Cl 
0 
41 
92 . 
H y d ro g e n at i o n of k et o n e ( 4 l) i n a c id i c e t h a no I o v e r pa 11 a d i u m o n 
charcoal gave cyclopentanone. Attemp ts to fully dec hl o ri nate 
acid (38a) or its methyl ester by hydrogenation under basic co nd i ti o ns 
gave halogen-free ketonic oils from which no iden t ifiable com pounds 
co u I d b e is o I a t e d . T he d i c h I o ro a c i d ( 3 9 a ) , o b ta i n e d from so d i u m -
amalgam reduction of (38a), could be converted by hydrogenation 
over palladium on charcoal to the monochloro acid (42) but 
attempts to remove the remaining chlorine atom by further hydrogen-
olysis or reaction with sodium amalgam were unsuccessful. 
42 43 
C. \ 
a R-= \-\ 
b R ~ M-e. 
C R -= !J -r~ 
As mentioned earlier, Strunz :..!_~. 87 188 had reported 
the transformation of the methyl esters of acids (39b) and (39c) to 
the keto-esters (43b) and (43c) via Jones' oxidation. The c
5 
chlorine atom could be removed by refluxing the keto-ester with 
zinc dust in metha ool 87 192 • 
A consideration of the work just described led to the 
following proposals for synthetic approaches to prostaglandins. 
93. 
a ) Pa th s fro m a c i d ( 3 8 a ) : 
The acid would need to be converte d to the ketones 
(44a) or (45) to which the required side-chains could be ad ded by 
substitution of {3-halogen or by Michael addition respectively. 
C\ 
Cl 
~, 
,, ' 
OH 
R 
Cl 
44 a R: H 
b R-: Me 
c R-= ~-Pr 
C( 
d R = (CH2)GCOa_ H 
O H 
Cl 
45 46 
In fact, addition of one side-chain to ketone (44a) could be 
fol lowed by reversal of oxidation level between c
1 
and C 
4
, 
the other side-chain then being added by Michael addition. 
Conversely, the placement of one side-chain in ketone (45) 
by Michael addition could be followed by enolate a lkylation to 
add the other. In all these cases, removal of the remaining 
chlorine atoms would be facilitated by their position a to the 
ketone function. 
b) Path from the ring contraction of pheno l (4 6): 
The known ring contraction of me ta-cresol and meta-
~-propylphenol to the acids (38b) and(38c) suggested the possi-
bility of forming acid (38d) from phenol (46). Oxidative decarbo xy-
lotion of this acid would lead to ketone (44 d ) to whi c h the 
remaining side-chain could be added by substi t ution o f th e 
{3 -chlorine. 
c) Path from the ring contraction of the phe no ls (4 7): 
') '1 • 
The ring contraction of phenols carrying a sui tab l e 
para substituent may lead to acids of the type (48). Th e re-
maining side-chain could be added by Michael addition to t h e 
unsaturated ketone formed from oxidation of the secondary hydroxy l 
group. 
OH 
R 
47 
C\ 
C. ( 
. 
.. -
48 
R 
It is obvious from the multiple functionality of the 
acids (38) that a quite large number of synthetic routes to 
prostaglandins may be postulated, only a few of these being 
presented above. For example, the choice of side-chain added 
to any of the previously mentioned intermediates will be influenced 
by the possibility of oxidation level interchange between the a.-
95 . 
h y d ro x y a c i d f u n c t i o n a n d th e sec o n d a ry h yd ro x y I g ro u p . Ot h e r 
methods for introducing side-chains into the various unsatu ra ted 
ketones are also available, among these being addition and ring-
opening of carbenes and reductive alkylation. After a discussion 
of the results obtained from the author's current research, some 
possible synthetic sequences to prostaglandins wil l be described. 
FURTHER CHEMICAL WORK: 
(i) The ring contraction of phenol, _p-hydroxytoluene and 
.e_-hydroxybenzaldehyde: 
87-89 The work of Strunz et al. had shown that meta 
substituted phenols could be transformed to acids of the type 
(38b) and (38c) and hence a means for the formation of a five-
carbon ring carrying one side-chain existed. It was thought that 
para substituted phenols would undergo a similar reaction and so 
the ring contraction of .e_-cresol was investigated. The dichloro 
compound, 3,5-dichloro-4-hydroxytoluene, was prepared by an 
adaptation of the general chlorination procedure of Hopkins and 
Chisholm 
96
• This material was then reacted with chlorine in 
84 aqueous sodium hydroxide by the method of Burghstahler et~-
f o r th e d e g ra d a ti o n of tr i c h Io ro p h en o I • W he n , aft e r s e v e ra I 
attempts to ring contract this compound, no recognisable material 
was isolated, this approach was abandoned. Not unexpectedly, 
3,5-dichloro-4-hydroxybenzaldehyde 97 also failed to give identi-
fiable produc ts, but in this case the a lde hy de gro up may be 
unstable under the reaction conditions. The main d iff ic ult y 
with these reactions lay in the attempted formation o f the 
ammonium salts of the expected acids. Disco loured uns ta ble 
96 . 
oils which decomposed on attempted crystallisation fro m wa ter 
were isolated in every case. When the ring contraction of t ri-
c h Io ro p h e no I was a t t em pt e d , th e w h i t e a m mo n i um s a I t of a c i d 
(38a) was isolated only once in a number of runs. More usual ly, 
a dark precipitate which could be purified only with d ifficul ty was 
isolated or the white ammonium salt darkened and decomposed to 
a black oil during filtration. The acid (38a), obtained by 
hydrolysis of the ammonium salt, was used to seed concentra t ed 
ether-petrol solutions of the degradation mixture and the crystall-
i n e a c i d co u I d th e n be o b ta i n e d i n a rep rod u c i b I e y i e I d of 2 5 % 
from tr i c h I o ro p h e no I • S i n c e th is d if f i c u I t y of is o I a t i o n ex is t e d 
for the known acid (38a), no final conclusion as to the viabi l i ty 
of the ring contraction of para substituted phenols to acids o f t h e 
type (48) can be made. Certainly, these reactions show marked 
similarities to that of trichlorophenol and rapid reac t ion of the 
aromatic compounds to non-aromatic material takes place as 
evidenced when the reactions are monitored by uv spectroscopy. 
However, until a better product purification method is found, th e 
utility of these reactions remains unknown. 
97 . 
( ii) Ox i dot ion of acid ( 3 Sa) : 
Initial attempts to form the ketone (45) by oxidation 
of acid (38a) with active mangan ese dioxide 95 gave only ketone 
(44a) as evidenced by the presence of two allylically coupled 
protons at r 3.38 and r 4.82 (J= l Hz.) in tre 1 H-nmr spectrum 
(hexadeuteroacetone-D2 0) of this material. In the absence of 
D2 0 in the 
1 
H-nmr solvent, ketone (44a) exhibited a complex 
series of absorptions due to hydrogen-bonding effects and these 
are discussed in detail at the end of this section. Ketone (44a) 
0 .. :co2_I-f 
Cl 
C{ C{ 
c.1 c:. \ g C.. l 0 
44a 45 49 
was also obtained, although in low yield, from Jones' oxidation 
of acid (38a). The low yield in this case was probably due to 
further oxidation of ketone (44a) to the dione (49), a compound 
which would be expected to be quite reactive and difficult to 
isolate (vide infra). Good yields of ketone (44a) were realised 
as expected by oxidative decarboxylation o f acid (38a) with lead 
tetra-acetate in acetic acid. Two reaction paths for the formation 
9G . 
of ketone (44a) via manganese dioxide oxidation or Jones• 
oxidation of acid (38a) may be visualised. Scheme (IV) assumes 
primary formation of ketone (45) which loses carbon dioxide to 
give the intermediate dienol. Rearrangement of this dienol to 
ketone (44a) would then eventuate. This scheme was, however, 
show n to b e i nope ra ti v e f o r th e ox i d a ti o n o f a c i d ( 3 8 a) w i th 
manganese dioxide by the following procedure. The acid (38a), 
with al I active hydrogen replaced by deuterium, was oxidised 
with manganese dioxide (twice treated with deuterium oxide, 
free z e d r i e d a n d re a c ti vat e d) i n a n h yd ro us et h er - the e n ti re 
operation being performed in a "dry box". The ketone (44a) so 
formed showed no incorporation of deuterium into the allylic 
position (1 H-nmr spectroscopy) as would be expected were Scheme 
(Iv) · · h" F 1· "d 99,100 operative 1n t 1s case. rom present 1terature ev1 ence , 
Scheme (V), involving direct oxidative decarboxylation of acid 
(38a), is favoured. Both chromic acid and manganese dioxide are 
known to effect decarboxylation of a -hydroxy acids. Chromic 
acid induced oxidative decarboxylation may be represented as a 
conventional two-electron cleavage of a chromate ester inter-
mediate as shown by Scheme (Va). Goldman lOO has devised a 
mechanistic pathway (incorporating the results of earlier workers) 
for the manganese dioxide oxidation of a. -hydroxy acids possess-
ing an a -proton (Scheme (Vb)). In the absence of this a -proton, 
the pathway illustrated by Scheme (Ve) may be postulated for the 
oxidation of acid (38a). 
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I • k 87-89 h h j I S i n c e ea r , e r w o r e rs h ad s o w n t a t o n es 
oxidation of the methyl esters of acids (39b) and (39c) gave t he 
keto esters (43b) and (43c), it was considered highly probab le 
that the oxidation of the methyl ester of (38a) to the methyl ester 
of the keto acid (45) would be achieved. Oxidation of the methyl 
=CO,iMe. 
~C.02.,M,e 
-:: ... 
... 
C\ Cl 
Cl C. l 
C. \ C. \ ,,, 
OH C 
38a 45 
ester of (38a) with Jones' reagent proceeded slowly at 0° and 
could be easily monitored by thin layer chromatography. After 
all the starting material had been consumed, the single product 
was isolated and, although not fully characterised, showed only 
l 
three signals in its H-nmr spectrum (deuterochloroform) for the 
presence of a vinylic proton, hydroxyl proton and methyl ester as 
expected for the ester of (45). The uv spectrum showing a maximum 
at 247 nm. ( E =12000) was consistent with the proposed structure 
87
• Oxidation of the methyl ester of acid (38a) with active mang-
anese dioxide gave a quantitative recovery of starting material 
when reaction conditions identical to those leading to oxidative 
decarboxylation of acid (38a) were used. This was the expected 
result if Scheme (IV) (above) was inoperative although the 
re as o n f o r th e u n re a c ti v i ty of the a 11 y I i c sec o n d a ry h yd ro x y I 
group under conditions which should lead to its oxidation re-
mains obscure. 
(iii) Some properties of ketone (44a): 
Ketone (44a) (obtained in high yield from acid 
(38a) via oxidative decarboxylation with lead tetra-acetate) 
100 . 
could be purified by vacuum sub I imation to provide a white 
crystalline solid with mp 54-5°. Slow decomposition occurred 
at room temperature (as evidenced by darkening and a lowering 
of the melting point) but the sublimed material could be main-
tained indefinitely without decomposition by storing at -10°. 
The ketone was attacked by bases (including pyridine and tri-
ethylamine) with the immediate formation of a black solution 
which, after acidification and extraction of organic material, 
gave a low yield of an intractable black gum. In neutral ethanol 
solution, ketone (44a) exhibited a maximum at 237 nm.( E =12400) 
which remained unchanged on the addition of 2M aqueous hydro-
c h Io r i c a c i d • Add i t i o n of 2 M a q u e o us sod i um h yd ro xi de so I u ti o n 
(l drop) to a neutral ethanol solution of (44a) conta·ined in a 
10 mm uv cell caused an immediate shift of the absorption 
maximum to 248 nm. ( E =13300). A gradual bathochromic shift 
of this new absorption maximum then occurred until after 0.5 hours 
101 . 
the uv spectrum showed absorption at 265 nm. ( E = 13 600) and 
2 7 4 nm . (sh . ) ( E = l 2 2 0 0) . Add i t i o n of a n ex c es s o f 2 M h yd ro -
chloric acid at this time caused an immediate hypsochromic sh ift 
of the absorption maximum to 250 nm. ( E =10700). It would 
be an extremely foolhardy venture to attempt to present the 
series of reactions that ketone (44a) undergoes in basic solution 
but some degree of explanation seems possible. The initial pro-
duct showing a maximum at 248 nm. is probably not the anion (50) 
since the acetate of ketone (44a) exhibits only a 4 nm. batho-
chromic shift under the same conditions and hence the allylic 
alcohol functionality is implicated as the initiator of the reaction 
0 0 
C 
c.1 
0 OHC C. 1 
........__ 
50 51 
pathway. Ketone (44a) would be expected to undergo a retro-
aldol reaction in base since the carbanion so formed would be 
st a bi I is e d by th e g em d i c h I o ro g ro u p a n d h e n c e th e i n i t i a I prod u c t 
is probably the ring-opened anion (51). Further speculation as to 
subsequent reaction of (51) is somewhat unwise as the nature of 
the final product of the sequence is not known but self condensation 
of (51) via attack of the {3 -chloroketone or the aldehyde may be 
postu I ated. 93 McGahren et al. 
1 02. 
have reported that the 
ketone (37) is also unstable to base but no explanation of this 
behaviour was given. However, the structural simi larity of the 
keto nes (37) and (44a) suggests that the retro-a I do I reaction may 
be operative in both cases. Protection of the allylic alcohol in 
(44a) with a base-stable linkage (eg. tetrahydropyranyl) or re-
moval of both a -chlorine atoms to prevent the stabilisation of 
the intermediate carbanion should allow basic reagents to be used 
for the addition of side-chains to this compound. 
Oxidation ci ketone (44a) with Jones' reagent in 
acetone at 0° gave a good yield of an unstable yellow oil 
showing a uv absorption maximum in ethanol at 249 nm. ( E =-14800) 
and was probably 3,5,5-trichloro-cyclopent-2-en- 1,4-dione (49). 
D ecom position of th is materia I to a brown tar took place over a 
few hours at room temperature. 
0 
C. t 
0 
49 
(iv) Dehalogenation of ketone (44a) and its derived acetate: 
Reaction of ketone (44a) with zinc dust in refluxing 
ethanol gave the bis dehalogenated ethoxy ketone (52a). The 
-l 03 . 
l 
H-nmr spectrum (hexadeuteroacetone-D
2
0) showed the eno l 
et h y I et h er g ro u p as a qua rte t ( J = 8 H z . ) a t r 5 • 91 a n d a t r i p I et 
-( J = 8 H z . ) a t r 8 . 6 l . T h e m et h y I e n e g ro u p a to th e k e to n e 
occurred as an AB quartet centred at r 7.35and r 7.88 
(JA 8=18Hz.) with the low-field portion of this quartet fur t he r 
split into a doublet (J=6Hz.) and the high-field portion split 
into a doublet (J=3Hz.) due to coupling with the c
4 
proton. 
When this reaction was allowed to proceed at room temperature, 
good yields of the ethoxy ketone (52b) were realised. In the 
absence of zinc dust, only starting ketone (44a) was recovered 
0 
1 
R 2 52 "'R = H a s 
R 4 3 b 'R=-C..l OEt ,,,. 
H ''oH 
and this indicated that the /3 -substitution observed in the 
two previous runs was probably due to the presence of zinc 
ethoxide. The ethoxylation observed probably proceeds via a 
/3 -chloro- {3- ethoxy zinc enolate which rearranges to the 
a, f3 -unsaturated ethoxy ketone (52a,b) with expulsion of 
chloride. In dilute ethanolic sodium hydroxide, uv spectroscopy 
indicated that ketone (52a) was stable but (52b) was labile under 
these conditions. These results imply that the instability of ketone 
(44a) to base is due to the a, a -dichloro- ~ -hydroxyketone 
1 04 . 
functio n , p ro bab ly unde rgoi ng retro-aldol reaction . Th is reaction 
may be prevented by removal of the gem di c hloro grou p in g wh ic h 
stabilises the intermediate carbanion. 106 107 Va ndewalle e t a l. ' 
have recently shown that ~ -ethoxyviny l ketones react wi th 
organomagnesium and organoli t hium reage nts a s vinylogues of 
esters to form vinyl ketones ca rrying a subs tit u ent at the ~ -
position which may be a saturated or unsatu ra t e d ca rbon chain 
and hence ketones of the type (52) may be use fu l sy nthetic inter-
mediates. 
Zinc dust and acetic acid reacted w ith the ketone 
(44a) and resulted in a low recovery of organic ma te rial (a pprox-
imately 10% of the starting weight) which consis ted o f a n umber 
of components as evidenced by thin layer chroma togra phy. A 
10 1 
recently published procedure for the remov al o f hal o gen 
from a. -haloketones with lithium iodide and bo ro n tr ifluoride 
gave, on reaction with (44a), almost quan t itat iv e y ields of 
ketone (53) where iodide had replaced chloride a t the {3 -
position. A downfield shift of 0.48 ppm of the v i ny l ic p roton in 
53 
I 
·os . 
l 
the H-nmr spectrum (hexadeuteroacetone-D
2
0) of ketone (53) 
with respect to the viny li c proton of ketone (44a) was observed. 
The acetate of ketone (44a), readily formed by 
treatment of (44a) with acetic anhydride containing a trace of 
co n c e n t ra t e d s u I p h u r i c a c i d , was st a b I e to v e ry d i I u t e bas e . Th e 
uv spectrum of this compound in ethanol showed only a small 
shift (4 nm.) to longer wavelength on addition of a drop of 2M 
aqueous sodium hydroxide. This shift is probably just a solvent 
effect and not due to ethoxide subs titution of chlorine at the 
{3 -position since a bathochromic shift difference of 11 nm. 
exists between ketone (44a) and the ethoxy ketone (52b) in 
ethanol solution. The acetate of (44a) could be dehalogenated 
in good yield to ketone (54a) by refluxing an ether solution of 
this material with zinc dust and a large excess of co ncentrated 
hydrochloric acid. Small amounts of 4-acetoxy-cyclopent-2-
R 
C. l 
''''OAc:. 
b 
• R: Cl 
en-1-one (5%) were concomitantly formed in this reaction. The 
l 
H-nmr spectrum of the acetoxy ketone (54a) showed the presence 
of an a -ketomethylene group by an AB quartet (JA
8
=l8Hz.) 
U6 . 
centred at r 6.98 and r 7.67 with the low-fi eld half further 
split into a doublet (J= 6Hz.) and the high-field half a lso split into 
a doublet (J=3Hz.) due to coupling with the c
4 
pro ton. A n inter-
mediate in this reaction was the dichloro ketone (54 b) w h ic h co uld 
be is o I a t e d as a m ix tu re of C 5 e p i m e rs by th e us e o f s ma 11 e r a mo u n ts 
of concentrated hydrochloric acid and shorter reaction t imes. In 
deutrochloroform, the epimer with a 3 Hz. coupling constant 
between the c5 -c4 protons predominated over the epimer wi th a 
6 Hz. coupling constant between these two protons by 7:3. Moye 
83 
and Sternhell have reported that the cis c
5 
-c
4 
coupling 
constant in acid (39a) is 6. 8 Hz. and Smith and Cox 113 have 
published the cis and trans proton coupling constants in the rigid 
system (67) for various X groups. The latter workers found that 
39a 67 
the values of J . were always at least twice the magnitude of 
CIS 
J t i n th e com po u n d s st u d i e d a n d v a r i e d o v er th e ra n g es rans 
7.6 - 9.2 Hz. and 2.4 - 4.4 Hz. respectively. From this data, 
a trans-cis ratio of 7:3 for the c
5
-c
4 
isomers of the dichloro 
ketone (54b) may be postulated. 
107 . 
(v) Attempted substitution of {3 -chlorine in keto ne (44a) with 
diethyl malonate: 
Due to the base instability of ketone (44a), an 
attempt was made to effect the desired substitution reaction by 
acidic catalysis. l 02 Breslow and Hauser have shown th at ben-
zaldehyde can be condensed with acetophenone to give benzal-
acetophenone in good yield under catalysis with boron trifluoride. 
Diethyl rralonate also condensed with benzaldehyde in the 
presence of boron trifluoride or aluminium chloride but the 
product so formed, diethyl benzalmalonate, reacted again with 
diethyl malonate in a Michael addition to give diethyl benzaldi-
malonate. Accordingly, ketone (44a) was reacted with diethyl 
ma Io n ate u n de r ca ta I y s is w i th b o ro n tr if I u o rid e us i n g th e re a c t i o n 
conditions described for the condensation of benzaldehyde and 
diethyl malonate but only ketone (44a) was recovered. The use 
of Io n g e r re a c t i o n ti m es a n d h i g h er t em p era tu res a g a i n res u I t e d i n 
the recovery of unreacted ketone (44a) and so this approach was 
abandoned. 
Since the reaction of ketone (44a) with zinc dust 
in ethanol at room temperature was known to give the ethoxy 
ketone (52b) in good yield, it was decided to attempt this re-
a c ti o n us i n g d i et h y I ma I o n a t e as the so I v e n t • F ro m a n ex a m i n -
ation of the published KA values of ethanol and diethyl malonate, 
u . 
i t was s e e n th a t d i et h y I m a I o n a t e was th e st ro n g e r a c i d ( i n 
112 -18 . 
aqueous medium, ethanol had a K = 7.6x10 whilst 
A 
the KA of diethyl malonate l0 3 in the same medium was 
5xl0-
14). The reaction of ketone (44a) with diethyl malonate 
i n th e pres e n c e of z i n c dust a t room t em p e rat u re g av e o n I y th e 
c5 mono dechlorinated ketone with a C5 -c4 proton coupling 
constant of 3 Hz. By a comparison with the coupling constants 
83 . 113 published by Moye and Sternhell and Smith and Cox as 
m e n t i o n e d ea rl i e r , th is C 5 mo no de c h I o r i n ate d k et o n e p ro b a b I y 
has a trans C5 -c4 proton configuration. The lack of {3 -
chlorine substitution found in this case probably reflects the 
lower carbon nucleophilicity of the malonyl carbanion in com-
parison with ethoxide which may be considered to be due to the 
delocalisation of charge in this carbanion via resonance - a 
situation aggravated by the diffused cationic character of zinc. 
(vi) Attempted carbanion substitution of {3 -chlorine in the 
acetate of ketone (44a): 
McKillop .:.!_ ~. l04 had reported that the coupling of 
acyl halides with the thallium salts of ~ -dicarbonyl compounds 
gave high yields of the C-acylated ~ -dicarbony l compounds. 
The thallium salts of malononitrile and diethyl malonate were pre-
pared by the general procedure published by these workers. The 
respective salts were obtained as stable crystalline compounds and 
were reacted directly with the acetate of ketone (44a) in refluxing 
109 . 
ether. Only starting material could be recovered from these 
reactions. On substitution of ethanol for ether as solvent in an 
attempt to increase the reactivi ty of the thallium salts by solution, 
the only isolable product was the acetate of the ethoxy ketone 
(52b) as evidenced by the presence of enol ethyl ether signals in 
1 
th e H - nm r spec t ru m of th is co m po u n d a t r 5 • 8 2 ( q , J = 7 H z • ) a n d 
r 8.52 (t,J= 7Hz.). This product probably arises via equilibrat-
ion of the malonyl thallium salt with ethanol to form thallous 
ethoxide which substitutes for /3 -chlorine in a manner analog-
ous to the ethoxylation reaction with zinc ethoxide described 
earlier in this discussion. The lack of reaction of the malonyl 
thallium salts may be due to the lower reactivity of the ~ 
c h Io ro v i ny I k e to n e (pseudo a c id c h Io ride) re I a ti v e to th e a c i d 
ch lo rides used by Mc Ki flop .=_! ~- 104 by virtue of reso na nc e 
stab ii isation. 
Su bs ti tu ti o n of v i n y I ha I o g en by a I k y I g ro u ps us i n g 
l 08 lithium dialkyl cuprates has been reported by Corey et al. • 
The chloride (55a) could be converted to fulvoplumierin (55b) 
109 by reaction with lithium di(trans-1-propenyl) cu prate and the 
Michael addition of various lithium divinylcuprates to a , /3 
54 I 11 0 unsaturated ketones and esters has been reported • It was 
~~a 
b 
R = Cl 
t 
'R = -c H ~ c H Me 
l l O. 
therefore considered likely that the acetate of ketone (44a) could 
be induced to undergo alkyl substitution for chlorine at the {3 -
position by reaction with lithium dialkylcuprates. When the 
acetate of ketone (44a) was reacted with lithium di-_!2-butylcuprate, 
a low recovery of organic material resulted. The dark gum did not 
y i e Id any i dent if ia bl e compounds. A I though previous workers 
109 110 . 
' were able to effect coupling of these reagents with 
compounds containing ester functions without attack of this group, 
it would appear that in this case the acetate function was unstable 
u n de r th e re a c ti o n co n d it i o ns - t h e I it h i um so I t of th e k e to a I co ho I 
(44a) decomposing via the afore mentioned retro-aldol reaction. 
(3 -Chlorovinyl ketones have been found to react 
with dialkylcadmium reagents with the replacement of (3 
chlorine by an alkyl group l l l. Reaction of the acetate of 
ketone (44a) with di-~-butylcadmium gave low yields of a dark 
oil which could be purified by sublimation. The resulting material 
Cl 
Cl 
56 
was probably the required ketone (56) as ev ide nc ed by the uv 
spectrum showing an absorption maximum at 245 nm. ( E = 
1 0 5 0 0) (th e st a rt i n g mater i a I had a max i mu m a t 2 4 0 nm • ( E -
12000) ). Their spectrum of this material showed strong C-H 
stretching absorption between 2860 and 2950 cm. -l. 
With regard to the instability of the acetate group 
under the reaction conditions currently employed, further work 
of this type would now be carried out on the tetrahydropyranyl 
(THP) ether of ketone (44a). The base stability of this ether 
linkage would also allow more basic conditions to be used without 
decomposition of either starting material or subsequent products. 
(vii) Carbanion reactions on the TH P ether of ketone (44a): 
Some initial difficulty was encountered, not in the 
formation of the required THP ether, but in the separation of it 
from a concomitantly formed by-product derived from the dihydro-
pyran. Although dihydropyran was purified several times by 
2 . 
114 
standard literature procedure , the addition of acid (HCl, 
TsOH and POCl 
3
) to it produced a gummy material which proved 
to be difficult to separate from the TH P ether of (44a). The 
re q u i red TH P et h er co u I d b e o b ta i n e d free fro m th is ma t e r i a I by 
slow addition of 1 equivalent of dihydropyran to a solution of 
(44a) in methylene chloride which was O.OlM in_p-toluene-
sulphonic acid. The THP ether so obtained was essentially pure 
1 ( H-nmr spectroscopy and gas chromatography) and was used 
in subsequent reactions without further purification. 
Sodium salts of diethyl alkylmalonates have been 
shown to react with {3 -ch lo rov i ny I ketones in refluxing benzene 
to give compoundsof the type (57) l05 • The THP ether of (44a) 
0 0 
57 
R" 
c.oa, Et 
C\ 
"''OTHP !)·C7 H15 
58 co2 Et 
was accordingly reacted with the sodium salt of diethyl~-heptyl-
malonate in benzene. The dark oil obtained from thi·s reaction 
contained no starting ketone as evidenced by the presence of a 
single conjugated C=C stretching absorption in their spectrum 
-l 
so m e 2 0 cm • h i g h e r th a n th a t see n i n th e i r spec t ru m of th e T H P 
·-
I 3 . 
ether of (44a). Only two allylically coupled protons cou ld be 
seen in the 
1 
H-nmr spectrum of the crude product, that for the 
v i n y I i c p ro to n o c c u r r i n g O • 2 3 ppm f u rt h er do w n f i e I d than th e 
same proton of the starting ketone. Gas chromatograp hy of the 
reaction mixture showed only two components, one of which was 
diethyl !2-heptylmalonate (expected since a molar excess of the 
sodium salt was used). The other peak was not starting material · 
and was presumed to be the required product (58). The two com-
ponents were separated by preparative thin layer chromatography 
and one of these, that with the shorter gas chromatographic re-
tention time, was shown to be diethyl !2-heptylmalonate (by gas 
chromatographic and ir spectroscopic comparison with an 
authentic sample). The other component, although showing only 
one peak on its gas chromatogram (its retention time was identical 
to that of the component in the crude reaction mixture with the 
longer retention time), was a mixture of the required product (58) 
and some other unidentified material (s) as evidenced by 1 H-nmr 
spectroscopy. Purification of this mixture was difficult and had 
not been achieved when work was halted. However, the spec tral 
properties of the partially purified material do indicate that the 
reaction of diethyl !2._-heptylmalonyl sodium with the THP ether of 
(44a) does give the substituted ketone (58) in sufficiently good 
yield. Purification of (58) should be possible by chromatography 
of the derived keto alcohol. 
(viii) Possible synthetic routes to prostaglandi ns : 
a) 13, l 4-dihydro-15-deoxy-PG ~ :_ 
1 4 . 
The substituted ketone (58) may be converted to 
ketone (59a) by ester hydrolysis and acid catalysed decarboxy-
1 a ti o n , h yd ro I y s is of th e T H P et h e r be i n g expected d u r i n g th e 
decarboxylation stage. The bis dechloro ketone (59b) should be 
stcr~ > 
!1 .. Cs,H17 
~~ a R ~Cl 
b R-=-H 
readily available from zinc-ethanol or zinc-hydrochloric acid-
ether reduction of (59a) and the other side-chain could be added 
to (59b) via reductive alkylation in lithium-ammonia with 7-
bromoheptanoic acid to give the required prostaglandin. 
b) 1 3 , l 4 - d i h y d ro - P G E 
1
.:. 
The substituted malonate (60) should be readily obtain-
able from the reaction of 1-bromo- 2-tetrahydropyran yloxy-~-
heptane (via l-bromo-~-heptan-2-one) with diethyl malonyl 
sodium and hence ketone (61) may be synthesised as described 
C( 
C\ 
1 15 . 
a b o v e f o r the p ro du c t i o n of ( 5 9 b) • Red u c ti v e a I k y I a ti o n o f ( 6 1 ) 
61 
,,, 
,, 
c.OzEt 
btcps -. 
n-CsHl 
OH 
60 
(as above) would then lead to 13, 14-dihydro-PGE
1
• 
c) PGEi,.: 
F o r th e s y nth es is of pros tag I a n d i ns co n ta in i n g th e 
1 3 , l 4 do u b I e b o n d , a n a pp ro a c h u ti I is i n g k et o n e ( 6 2) 
(obtainable from acid (38a) m·ethyl, ester via Jones' oxidation 
a n d tetra h yd ro p y ra n y I a ti o n) may be suggested • Co n j u g a t e a d d i ti o n 
of a functionalised lithium divinylcuprate followed by alkylation 
of the potassium enolate of (63) with 7-bromo-~-heptanoic acid 
methyl ester would lead to compound (64). The three ch lorine atoms 
0 
62 
~COeMe 
-
... 
... 
0 
63 
Cl 
l 1 6. 
should be readily removable with zinc-ethanol reagent and the 
resulting tris dechloro ketone may be transformed to the ethylene 
thioketal (65). Hydrolysis of both esters and removal of the THP 
ether protecting groups followed by oxidative decarboxylation 
should give the ketone (66). Reduction of (66) to the alcohol 
fol lowed by dithiane-dioxolane ketal exchange and subsequent 
hydrolysis of the dioxolane ketal to the ketone should produce 
a stereoisomeric mixture containing PGE
1 
• 
• co~Me 
.. 
........ 
THP 
0 
65 
0 
s 
V 66 
It is obvirus that the multiple functionality of acid 
(38a) and its derivatives allows a number of synthetic routes to 
prostaglandins to be postulated. While this multiple functionality 
is a boon in some aspects, the reaction conditions used to effect 
the desired transformations must be chosen with regard to the 
!ability of the various intermediates and no little amount of 
,_ 
''-" 
1 l 7. 
work is yet required in this area. From a consideration o f the 
work discussed in this section, these problems - often frustratingly 
stubborn - are, by and large, solvable and a viable route to 
prostaglandins from the ring contraction of phenol and related 
compounds can be developed. 
......... 
11 8 . 
THE 
1
H-NMR SPECTRA OF KE TONES (44a), (52a, b) AN D (53) : 
D u r i n g th e co u rs e o f th e res ea r c h tow a rd s th e s y nth es is o f 
prostaglandins, it was found that ketones (44a), (52a,b) and (53) 
exhibited anomalous and quite complex 1 H-nmr spectra in hexa-
deuteroacetone solution. On addition of D
2
0, the simplified (and 
D 
C\ Cl 
C( C( 
Cl OE=t //1,, 
OH 
44a J~ a R-:: H 53 ---
b R= Cl 
expected) ~pectra were obtained. The work to be described in 
this part of the discussion leads to the interpreta tion of these 
l 
anomalous H- nm r spectra by the postu I ation of the ex iste nc e of 
I 
species hydrogen-bonded to acetone and species free to undergo 
hydroxyl proton exchange. This conclusion resulted via the study 
of ketone (44a) (in acetone solutions) by proton double resonance 
techniques, ir dilution spec troscopy and by analogy with the known 
e ff e c t of a c e to n e a n d d i met h y I s u I p ho x i de o n th e 1 H- nm r spec t ra 
of alcohols. 
(i) The 1 H-nmr spectrum of ketone (44a} . General aspects: 
l 
The H-nmr spectrum (at 34°) of ketone (44a) in hexa-
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d e u t e ro a c et o n e co n ta i n i n g a d d e d D 2 0 ex h i b i t e d a v e ry s i m p I e 
a b so r pt i o n pattern as ma y b e s e e n fro m F i g u re ( I I a ) • T h e two 
protons at r 3.38 (vinylic) and r 4.82 (allylic) were allylica lly 
coupled to the extent of l Hz. ard were consistent with the presence 
of a single species with structure (44a). However, in the absence 
of D2 0, the 
1 
H-nmr spectrum of (44a) in hexadeuteroacetone 
showed a complex and quite unexpected series of absorptions (see 
Figure (lib)). These consisted of a doublet (J=l Hz.) at 't 3. 38, 
another doublet (J=8Hz.) at -t 3.46, a multiplet at -t 4.82 and 
a s i n g I et at -t 7 • 0 5 . Add it i o n of D 2 0 prod u c e d th e s i m p I if i e d 
spectrum mentioned above - the loss of the doublet ( r 3.46, 
J=8Hz.) and the singlet ( r 7.05) indicated that these signals 
were due to exchangeable protons. This assignment was supported 
by the observation of a marked temperature dependence for these 
two signals ( ~r/~T being essentially equal for both) and a plot 
of chemical shift vs. temperature is shown on Figure (111). At -50°, 
the multiplet at 1" 4.82 had been sufficiently resolved to enable 
its splitting pattern to be determined (see Figure (IV)). Due to 
the presence of a low-field doublet with J=8Hz., then the 1 4.82 
multiplet (shifts quoted refer to Figure (lib) ) must consist of two 
separate signals - one being a doublet (J=l Hz.) and the other a 
do u b I et of do u b I et s ( J= 8 H z • a n d l H z • ) - bot h c e n tr e d a t 1" 4 • 8 2 . 
This data indicated that ketone (44a) existed in two forms in acetone, 
one of which possessed a 11 free 11 hydroxyl proton ( 1 7.05) and one 
having a 11 held 11 hydroxyl proton ( 1 3.46) which was coupled to 
I. 
119a 
FIG
U
R
E 
Ill 
.. 
~ 
CIO 
N
 
0 
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~
_
 
.
.
.
.
.
.
.
.
.
.
 _
_
_
_
_
_
 
•
 
_
_
_
_
_
_
 0 
6 
•
 
... 
.. 
-I 0 
t I t •
 
I I ,· • I I pt 
.
 
.
 
.
 
,0
 
•
 
--I 0 
10 •
 C T b 
.
 
~
 
0 
"
M
 
0 
•
 
N
 
-
0 ... 
-u
 
-
o
O
 
-
0 ... I 
-
0 N I 
•
 
0 C") I 
0 
o1 
-
0 
.; 
:r 
0 0 "'I II 
:r 
.
.
.
.
 
0 ~ 
i II 
... 
_
,..o 
If 
... 
_
,..o J_ 
i a) II "O 
FIG
URE 
IV
 
_
,v _
_
_
 
-
l l '/I; 
,_-
12 0. 
the extent of 8 Hz. with the allylic proton at I 4 . 82. 
(ii) The use of hydrogen-bonding solvents in l H-nmr spectroscopic 
studies of alcoho ls: 
Tho ability of solvents with powerful hydrogon-
bonding properties to s low down the rate of hydroxyl proton ex-
change has been known for several years, the commonest appli-
cation of this property being the use of dimethyl sulphoxide to 
classify alcohols as primary, secondary or tertiary by the observed 
67-69,79 
multiplicity of the "held" hydroxyl proton 
• The fee i I e 
observation of !j-C-0-H sp I itti ng in dim ethy I su I phoxi de so I utio n 
has also enabled conformational studies of substituted cyc lohexanols 
to be carried out
70171
. Acetone, a weaker hydrogen-bonding 
solvent than dimethyl sulphoxide66172 , has not enioyed the same 
extensive utilisation in recent years. However, some earlier papers 
have described the ability of acetone to slow down the rate of 
proton exchange in alcohols with the result that hydroxyl-carbinol 
. 72-74 73 proton coup I 1ng could be observed • Corio~~- found 
that for certain concentrations of methanol in acetone, molecules 
which were free to exchange and molecules which were hydrogen-
bonded to acetone could be observed simulta neously and intensity 
measurements provided a measure of the number o f molecules in 
each state, An early study by Holmes.:.!_~ 75 on H
2
0-D
2
0 mix-
tures showed that it was possible to slow down the rate of proton-
I 
I 
--
L 1 • 
deuteron exchange in these mixtures by the use of acetone as 
so I v e n t . I n a c et o n e so I u t i o n , th es e w o r k e rs we re a b I e to o b s e rv e 
the mixed species HDO and H2 0, HDO occurring as a triplet 
(1 0 =1) (J=l Hz.) 0.03 ppm towards higher field from the H2 0 singlet. 
1 (iii) The H-nmr spectrum of ketone (44a). An interpretation: 
l Returning now to the H-nmr spec trum of ketone 
(44a) (Figure (lib)), it is possible to interpret it as the sum of the 
1 
H-nmr spectra of two species, one of which, (A), is probably 
hydrogen-bonded to acetone and is responsible for part of the 
doublet at 1 3.38 (J=l Hz., vinylic proton), the doublet at 1 3.46 
(J=8Hz., OH) and the doublet of doublets at 1" 4.82 (J=8Hz. and 
1 Hz., allylic proton). The other species, (B), is not hydrogen-
bonded to acetone but is probably associated with traces of water 
present in the acetone and gives rise to the doub let at I 3. 38 
(J=l Hz., vinylic proton), the doublet at 1 4.82 (J=l Hz ., allylic 
proton) and the singlet at i 7.05 (OH and trace of H
2
0) . 
C\ 
Cl <... 
C\ 
~cl 1111 ACETONE 
A 
C\ 
C( 
He/ 
a 
Hb 
C. I 
B 
Th e pr es enc e of w a t e r was i mp I i e d from a n ex a m i no t i o n of th e 
1
H-nmr spectrum of ketone (44a) at -50° (Figure (IV)) from whic h 
the molar ratios of species (A) and (B) could be ob tained. The 
relative intensities of the doublet and doublet of doublets at 
1 4.82 indicated that the species (A) and (B) were present in 
approximately equimolar quantities. However, the integrated 
intensity of the high-field singlet (OH,B) was twice that of the 
low-field doublet (OH,A). These results implied that additional 
protons were present in the high-field singlet. Dimethyl sulphoxide 
4. 
is known to contain small amounts of water even if suitable pre-
67 
cautions a re taken • It was thought that acetone probab I y shared 
this property to a smaller extent and hence the suggestion that (B) 
was associated with water seemed not unreasonable. Indeed, Corio 
73 ~ ~. observed the presence of water in their methanol-acetone 
mixtures although whether this was present in the acetone initially 
or whether the water was associated with the methanol was not 
clarified. The hexadeuteroacetone solution contained approximately 
0.1 mmol. of ketone (44a) and hence species (A) and (B) were 
present to the extent of 0. 05 mmol. each. From the integrated 
intensity of the high-field singlet in comparison with that of the 
low-field doublet (J=8Hz.) (Figure (IV)), water was present to the 
extent of 0.5 equivalents of the amount of species (B) and so this 
solution contained 0.025 mmol. of water. Since 1 ml. of hexa-
deuteroacetone was used to make up th is so I utio n, th en th is so Iv ent 
contained about 0.16 mole% water - a quite reasonable figure. It 
is unlikely that the water was present in ketone (44a) since the 
·.-
123 . 
1 
H-nmr spectrum of this sample in deuterochloroform did not sho w 
the presence of extra exchangeable protons. In dry acid- f ree 
l 
chloroform, the H-nmr spectrum of ketone (44a) showed on ly 
three signals of equal integrated intensity at I 3.58 (d,J=l Hz., 
v i n y I i c p ro to n) , I 4 . 9 6 ( b r s , a II y I i c pro to n) a n d 7 6 . 5 6 
(br s,hydroxyl proton). Due to the absence of acidic impuri t ies, 
both the hydroxyl proton signal and that for the ally l ic proton was 
broadened due to a slowing down of the hydroxyl proton exchange 
rate which caused slight coupling between these two protons. 
Addition of a trace of _p-toluenesulphonic acid produced an increase 
of the hydroxyl proton exchange rate as evidenced by the sharpening 
of these two signals. The resulting spectrum of rapid exchange con-
sisted of three signals of equal integrated intensity at 1 3.58 
(d,J=lHz.), I 4.96 (d,J=lHz.) and 1 6.56 (s). 
I 
(iv) Proton double resonance studies on ketone (44a) in 
h exadeuteroac eto ne: 
The results of spin decoupling experiments (at 
34°) provided further evidence for the existence of species of the 
type (A) and (B) in acetone solutions of ketone (44a). These 
results are summarised below 118 • 
(a) 
-
7.05 is due to H and associated water protons. 
a 
Ha exchanged with Hd ( 1 3.46) as evidenced by the disappearance 
of this latter signal on irradiation at 't 7.05 (this phenomenon has 
been previously reported 119). The e xc ha nge o f Ha with Hd must 
be fast enough to allow transfer of spin-sa t urated pro to ns H with -
a 
out relaxation yet slow enough to allow Hd to remain i n posi ti on 
sufficiently long to couple to H ( 14.82). The coup l ing v is ibl e 
C 
in He (Jcd=8Hz.) will remain even if Hd consists of transferred 
spin-saturated protons. 
(b) T3.46 is Hd coupled to He ( 14.82,Jcd=8Hz.). 
Irradiation at 1 3.46 caused the collapse of the H doublet of 
C 
doublets (Jcd=8Hz., Jbc=lHz.) to a doublet (Jbc =lHz.), super-
imposing it on the H I doublet (Jb ,=lHz.). Unavoidable spin-e C 
tickling of the Hb resonance ( r 3.38) further collapsed this combined 
doublet (H and H ,) to a broad singlet. Irradiation at 1 3.46 should C C 
remove the signal at 1" 7 .05 due to saturated proton transfer. This 
measurement was not made since irradiation at 1" 3. 38 (Hb) produced 
some spin-saturated protons Hd by spin-tickling and an intensity drop 
of the I 7 . 05 signal, which became more marked as the strength of 
the irradiating field at 1" 3.38 was increased, was observed. 
(c) 13.38 is Hb coupled to both H and H 
I 
in 
- C C 
species (A) and (B) respectively (Jbc=Jbc'=lHz.). Irradiation of 
the Hb doublet caused collapse of He' to a singlet and produced a 
do u b I et ( J d= 8 H z . ) from th e H do u b I et of do u b I et s • U n av o i d a b I e C C 
spin-tickling of Hd( 1" 3.46) further reduced the magnitude of the 
latter doublet (Jed< 8Hz.). 
(d) 1 4.82 consisted of He I coupled to Hb 
(Jb ,=lHz.) and H 
C C 
Jc d = 8 H z • ) • I r ra d i a ti o n at 1 4 . 8 2 co II a p s e d both H b ( 1 3 . 3 8) 
and Hd( I 3.46) to singlets. 
-
125 . 
(e) On addition of D2 0, the simplified spectrum of 
F i g u re ( 11 a ) was o b ta i n e d • I r ra d i a t i o n of H b ( I 3 • 3 8) co 11 a p s e d 
H , to a singlet ( 14.82) and vice-versa. 
C 
Whether the species (A) and (B) are exactly as 
depicted is a matter for conjecture. Certainly all observed 
spectral peculiarities can be explained by invoking them. By 
analogy with the observation of similar species in methanol-
acetone mixtures
73 
,the postulation of the existence of (A) and (B) 
is not a novel one. 1 The possibility that the H-nmr spectrum of 
(44a) (Figure (lib)) was due to homo-intermolecular hydrogen-
bonding would appear to be rejected by the following data. 
(v) Ir dilution spectra of ketone (44a): 
The ir spectrum of ketone (44a) in acetone showed 
only the hydrogen-bonded 0-H stretching absorption at 3300 cm. -l 
(shoulder at 3430 cm. -l) which was invariant in position over a 
thirty-two fold dilution. This absorption pattern may be reconciled 
with the 
1
H-nmr data since the presence of two hydrogen-bonded 
species is implied. Ketone (44a), in chloroform solution, 
exhibited both a free hydroxyl 0-H stretching absorption (3550 
- l -1 
cm. ) and a hydrogen-bonded 0-H stretch at 3390 cm. • The 
area ratio of these absorptions was 1:6 and, on dilution this ratio 
was invariant as were the frequencies of the two absorptions. At 
l first sight, this spectrum seems difficult to reconcile with the H-nmr 
I • I 
r 
126 . 
spec t rum of (44a ) i n deuteroc hloro fo rm since only o ne spec ies is 
evident in the lat te r spe c trum (see (iii) above) . Howev e r, s in c e 
it may be expec ted th a t c hl oroform wou ld fo rm weaker hyd ro gen -
bonds t han acetone66 , the chemical sh ift between 11 held 11 and 11 f ree 11 
hydroxyl protons in chloroform solu t ion wou ld be relatively sma ll 
(in comparison with acetone) and, even wi th s lo w exc hange be-
tween hydroxyl protons in the two species, a t ime -averaged 
spectrum would be observed. 
From these results, ketone (44 a) wou ld seem not 
to be homo-intermolecularly hydrogen-bonded bu t rathe r hydro gen-
bonded to solvent or intramolecularly. The la tt er possibility wa s 
felt to be untenable since ethanol, a compound w h ich cannot 
hydrogen-bond intramolecularly, showed ir 0- H stretc hing abso rpt -
-1 - 1 ions (in chloroform) at 3595 cm. and 3450 cm. (free and 
hydrogen-bonded respectively), the area ra ti o being 1 :4 and 
i n v a r i a n t o n d i I u ti o n • I n ca r b o n te t ra c h Io r id e , a n ext rem e I y we a k 
hydrogen-bonding solvent, e t hanol ex h ibit e d 0- H stretching 
absorptions at 3630 cm. -l (free) and 3500 - 3300 c m . - l (homo-
intermolecularly hydrogen-bonded), th e la tter a bso rpt io n dis -
appearing on dilution with a coresponding in te nsity in c rease of the 
78 
former • Hence ketone (44a) is hydro gen- bo nded to so lvent and 
l 
the observed H-nmr spectral peculiarities a re d ue to solvent -
solute interaction. 
127 . 
l (vi) The H-nmr spectra of ketones (52a,b) and (53): 
The related ketones (52a,b) and (53) have been 
prepared (see discussion, pp. 102-4) and their 1 H-nmr spectra 
have been examined (see experimental for details). In hexadeutero -
acetone, these compounds showed the presence of two species of 
the same type as postulated for (44a). Addition of D
2
0 produced the 
expected s i mpl ifi ed spectra of rapid exchange. 
In closing, it may be added that although water is 
always present to some extent in dimethyl sulphoxide, only one 
species of the dissolved alcohol is ever observed and this is the one 
hydrogen-bonded to dimethyl sulphoxide. This result would be 
expected since dimethyl sulphoxide forms far stronger hydrogen-
bonds than acetone 66172 and raises the energy barrier for dissoc-
iation sufficiently to slow down the reverse reaction to such an 
extent that only one species, that hydrogen-bonded to dimethyl 
sulphoxide, is observed. Acetone, which forms weaker hydrogen-
bonds than dimethyl sulphoxide, could therefore allow the observ-
ation of two species to be made as the energy barrier between II held 11 
and II free 11 hydroxy I wou Id be correspo ndi ngl y reduced. Sutherlan/ 6 
states that the energy barriers for exchange processes observable by 
1 -1 H-nmr spectroscopy range from 5 to 25 Kea I. mo I e and hence the 
J 
128 . 
a c ti v a t i o n e n e rg y s e pa ra ti n g spec i es (A) a n d ( B) w o u I d I i e i n 
this range. The fact that the relative molar concentra tions of 
(A) o nd ( B) a re effectively i nva ria nt in the tempera tu re range 
studied (34° to -50°) implies tha t the energy barrier between them 
I i es tow a rd s th e I o we r e n d of th is ra n g e • 
-
129 . 
EXPERIMENTAL II 
3, 5-d ic h loro-4-hydroxyto I uene: 
This was prepared by the reaction of _e-creso l 
(10.4g., O. l mol.) with sodium hypochlorite solution (5 % avai l -
able chlorine) according to the general procedure of Hopkins and 
Chisholm
96
• Steam distillation of the resulting oily product gave 
the re quired dichloro compound as a white solid (14.4g. ,85%). 
1 ppm.(carbon tetrachloride): 3.00 (s,-,2,ArH
2
); 4.52 (s,-,ArOH); 
7.76 (s,-,3,ArMe). 
Attempted ring contraction of 3,5-dichloro-4-hydroxytoluene: 
Th e c h Io r i n a t e d a ro ma t i c ( a bo v e , 2 g • ) was tr ea t e d 
with aqueous sodium hydroxide and c hb ri ne precisely as I e sc ribed 
by Burghstahler ~ ~. 84 for the ring contraction of trichlorophenol. 
The'resulting pale green oil (l .7g.) obtained on evaporation of the 
et h er ext ra c t of th e r ea c ti o n m ix tu re co u l d not be i n du c e d to 
crystallise. Passing anhydrous ammonia through a cold ether sol-
ution of this oil produced a yellow sludge which decomposed on 
attempted crystal I isa t ion from water. Th is reaction was repeated 
several times with variations to the rate of chlorine addition, 
extent of cooling and manner of addition of aqueous hydroxide 
solution. No identifiable material was isolated in any of these runs. 
-
l 30. 
3, 5-d ic h lo ro - 4 - hydroxybe nza I dehyd e : 
This compound was prepared by the reaction of 
.e_-hyd roxybe nza I dehyde with gaseous c hlorine in g lac ia I acetic 
acid solution according to the procedure of Auwers and Reiss 97 . 
The required material crystal lised from chloro form with mp 155° 
(lit. 97156°). The yield was quantitative. 
1" ppm.(hexadeuteroacetone): -0.20 (s,-, 1,ArCHO); 2.20(s,-,2, 
A r H 2 ); 4 • 3 6 ( b r s , - , 1 , A rO H) • 
Attempted ring con tract ion of 3,5-dic hloro - 4-hydroxybenzaldehyde: 
The sa m e procedure as attempted for 3 , 5-d i c h Io ro -
4-hydroxytoluene (including the variations mentioned) was used 
but again no identifiable products were isolated. 
2 , 4 , 6- tr i c h Io ro p h e no I : 1 1 7 
This compound was prepared in good yield by the 
reaction of mo I ten ph eno I with chlorine as described by N ekrasova 
and Zetkin
115
• Trichlorophenol was purified by steam distillation 
0 • 115 0 
and gave mp 68 (IJt. 68-9 ). 
1 ,4-d ihydroxy-3, 5, 5-tri ch loro -cyc lope nt -2-e n- 1- ca rboxy I ic acid 
(38a):117 
Trichlorophenol was reacted with ch lorine and aqueous 
84 sodium hydroxide by the procedure of Burghstahler ~ ~. The 
ammonium salt of the required acid was obtai ned only once; other 
-
1 31 • 
attempts to isolate this salt had resul ted in its decomposition 
(reasons for this occurrence are still obscure). The pure acid, 
obtained by acidification of the ammonium sa lt , was used to seed 
concentrated ether-petrol solutions of the crude reaction mixture. 
The required acid could then be obtained by crysta llisation in 
2 5 % y i e I d from tr i c h I o ro p h e no I • It g av e a m p of l 7 7° (I it • 8 4 
178-9°). 
3, 5, 5-tric h lo ro-4-hydroxy-cyc lo pent-2-e n-1 -one (44a): 
(i) The acid (38a) (200mg.) was slowly ad ded to 
a so I u ti o n of I ea d tetra -a c et a t e ( 5 0 0 mg • ) i n g I a c i a I a c et i c a c id -
water (5ml.:0.05ml.) at 80°. A vigorous evolution of carbon 
dioxide occurred and the reaction was quenched with water approx-
imately 3 minutes ofter addition of the lost portion of acid (38a). 
The organic material was extracted with ether and the ether extracts 
were washed once with 5% aqueous sodium bicarbonate solu tion 
(ketone (44a) is decomposed by base), water, dried and evaporated 
to leave a clear oil (150mg.) which later so l idified. Sub limation 
of this material at l00°/0.5mm Hg gave colourless rhomboids of 
0 
mp 54-5 • 
vcm. -1= 3270(s), 3095(m), 1740(s). 
1 ppm.(hexadeuteroacetone): 3.38(d, 1,2,vinylic proton in species 
A & B); 3.46 (d,8, l ,species A Ot!.); 4.82 (m,-,2,Allylic proton of 
species A & B); 7.05 (s,-,2,species B OH and 1/2 H
2
0). Addition 
-
of D2 0 gave 3.38 (d, l, l ,vinylic proton) and 4.82(d, 1, 1, 
a 11 y Ii c proton). 
"nm.:237 ( E =12400). 
req. C 29.81 H 1.50 Cl 52.80 
f nd. 29.78 1. 67 52.48 
132 . 
( i i) The a c id ( 3 8 a) ( l O Om g • ) was di ss o Ive d i n ether 
(20ml .). Active manganese dioxide 95 (300mg.) was added and the 
mixture was refluxed with stirring for 22 hours. The reaction mixture 
was filtered through celite and evaporated to leave a brown gum 
(50mg.) which was purified by sublimation (as above) to give colour-
less rhomboids of mp 54-5° identical with the compound obtained by 
the previous procedure. 
(iii) The acid (38a) (lOOmg.) was dissolved in 
0 
alcohol-free acetone (l ml.) and cooled to O . Jones' reagent was 
added in slight excess and the mixture was left to react for 10 minutes. 
The usual work-up procedure afforded a brown gum (20mg.) which 
proved difficult to purify. Eventually several sublimations (as 
above) gave colourless rhomboids (5mg.) identical with the material 
obtained by lead tetra-acetate oxidation of acid (38a). 
3 , 5 , 5 - tr i c h Io ro - l - h yd ro x y -4-ox o - c y c I o p e n t - 2 - e n - l - c a rb ox y I i c 
acid methyl ester (45 methyl ester): 
The methyl ester of acid (38a) (60mg.) was reacted 
with a small excess of Jones' reagent in acetone solution (1ml .) at 
1 33 . 
0°. The reaction was moni to red by ti c (s i li ca gel G, ether-
petrol 3:5) and after 1.5 hours a ll o f th e s ta rting material had 
been converted to the desired produc t . Th e usua l work - up pro -
cedure gave a colourless gum (35mg.) w h ic h was subl imed (80°/ 
0.5mm Hg) to yield the required ketone as a co lou rless gum (30mg . ) . 
, ppm: 2.80 (s,-, l ,vinylic proton); 5.68 (br s,-, 1 ,0.!j ); 6. 14 
(s, - , 3, CO2 Me). 
"nm.: 247 ( E :al2000). 
Attempted manganese dioxide oxida tion o f aci d (38 a ) methyl ester: 
The ester (200mg.) was dissolved in e t her (40ml. ) 
and stirred with active manganese dioxide (600mg.) at ref lu x fo r 
22 hours. The reaction mixture was filtered and evaporated to 
leave a white solid (l90mg.) which was shown to be iden t ica l 
w i th the st a rt i n g ma t er i a I ( t I c a n d i r) • 
Attempted deuterium incorporation into ke to ne (44a) : 
Acid (38a) (lOOmg.) was twice disso lv e d in D
2
0 
(99.99%) and freeze-dried. Manganese dioxide was tw ic e sus-
pended in D20 and freeze-dried followed by re-ac ti va t ion
95
• All 
manipulations were carried out in a "dry-box". Et he r was dried by 
distillation from calcium hydride. Oxidation of aci d (38a) with 
manganese dioxide as previous ly described yie lded th e k e to ne (44a) 
which showed no ev i de nee of deuterium i ncorpo rat ion into the 
1 a 11 y I i c po s it i o n as exp e c t e d were Sc h em e ( IV) o p era ti v e . 7 h e H - nm r 
134 . 
spectrum of ketone (44a) exhibited none of the expected reduction 
in the integrated intensity of the al lylic proton signal. 
3 , 5 , 5 - t r i c h I o ro - c y c I o p e n t - 2 - e n - l , 4 - d i o n e ( 4 9) : 
Ketone (44a) (20mg.) was dissolved in acetone 
(5ml .) and cooled to 0°. Jones' reagent (l equiv.) was added and 
the reaction was monitored by tic (silica gel G, ether-petrol 3:5). 
After l hour, complete conversion of the starting material to a single 
product was achieved. The usual work-up procedure gave a pale 
yellow oil (17 mg.). 
-1 
11 cm. (film): 3090(m), 1775(m), 1740(s), 1575(s). 
Anm.: 249 ( E =14800). 
This compound was unstable and decomposed within a few hours 
at room temperature to a brown tar. 
5 , 5 - di c h Io ro - 3 - i o do -4- h yd ro x y- c y c I o pent - 2 - en - 1 -o n e ( 5 3) : 
Ketone (44a) (100mg. ,0.5 mmol .) was dissolved in 
dry ether (8 ml.). Boron trifluoride-etherate (0. 7 mmol .) was added 
and th is mixture was th en added dro pwise to a suspension of Ii th i um 
iodide (540 mg. ,2 mmol.) in dry ether (8ml.) under an atmosphere 
of nit ro g e n • S ti r r i n g a t room t em p e ra tu re for 6 . 5 ho u rs prod u c e d a 
deep brown reaction mixture and a white precipitate (presumeably 
lithium iodide). The prescribed work-up procedurelOl gave an off-
w hit e so I id ( 1 8 0 mg • ) which c rys ta 11 is e d from ether-pet ro I as co Io u r-
I 
0 
less needles of mp 103 · 
v cm. -1= 3290(s), 1720(s) , 1545(s) . 
135 . 
1 ppm. (hexadeuteroacetone): 2.90 (d, 1,2 ,v inylic proton of 
species A and B); 3.50 (d ,8, l ,OH species A); 4 . 80 (m ,- ,2, 
a II y I i c p ro to n of s p e c i es A a n d B); 7 . l 6 ( s , - , 2 , 0 H spec i es B a n d 
1/2 H20). Addition of D2 0 gave 2. 90 (d, l, l ,viny l ic proton) 
a n d 4 • 8 0 ( d , l , l , a II y I i c pro to n) . 
Anm.: 268, 280 ( E =6890,6960). 
req. C 20. 51 H 1. 03 43.33 Cl 24.21 
f nd. 20.58 1 • 1 l 43. l l 24.56 
5, 5-d ic h loro-4-hydroxy-3-ethoxy-cyc Io pe nt-2-e n- 1 -one (52b): 
- Ketone (44a) (200mg.) was dissolved in absolute 
ethanol (16 ml.) and stirred with zinc dust (600 mg.) at room 
temperature for 2 days. The solution was filtered and evaporated 
to leave a clear oil which was taken up in water and extracted with 
ether. The ether extracts were washed with 2M aqueous hydro-
chloric acid, water, dried and evaporated to yield a c lear oil 
( l 9 2 mg . ) . Fi It ra t ion of th is ma t er i a I throug h fl o ro s i I with ether 
followed by sub lim ation (l00°/0 .5 mm Hg) produced a co lourless 
solid which crystal li sed from et her-petro l with mp 73-4° . 
v cm. -1= 3300(s), 3095(w), l690(s), l580(s) . 
1 ppm. (hexadeuteroacetone): 3.98 (d,7, l ,s pecies A OH); 4.50 
(s,-,2,vinylic proton of species A and B); 5.01 (s ,-, l ,species B 
136 . 
allylic proton; d,7, 1,species A allylic proton); 5.72 (q ,7 , 4 , enol 
ether CH 2 in species A and B); 7.21 (s,-,2,species B O H a nd 1/2 
H20); 8.55 (t,7,6,enol ether Me in species A and B). Addi t ion of 
D20 gave 4.50 (s,-, 1,vinylic proton); 5.01 (s,-, l ,allylic pro to n); 
5.72 (q,7,2,enol ether CH 2) and 8.55 (t,7,3,enol ether Me). 
req. C 39. 84 H 3. 82 C 1 33. 60 
fnd. 39.91 3.69 33.47 
4-hydroxy-3-ethoxy-cyc lopent-2-en- l -one (52a): 
Ketone (44a) (400 mg.) was dissolved in absolute 
et ha no I ( 3 2 m I • ) a n d re fl u x e d w i th z i n c dust ( l • l g • ) f o r 2 ho u rs • 
Work-up (as above) gave a mixture of ketones (52b) and (52a) 
(80mg.). Chromatography of this mixture on florosil gave ketone 
(52b) (35 mg.) on elution with ether and ketone (52a) (28 mg.) on 
elution with ethyl acetate. Ketone (52a) was purified by sublim-
ation (as above) and crystallised from ether-petrol with mp 73°. 
v cm. -1= 3340(s), l675(s), l600(s). 
, ppm. (hexadeuteroacetone): 4.78 (s,-,2,vinylic proton of 
species A and B); 5.30 (m,-,3,allylic proton of species A and B 
and species A OH); 5.91 (q,8,4, enol ether CH
2 
of species A and 
B); 7 • 3 0 (s , - , 2 , spec i es B OH a n d 1 / 2 H 2 0); 7 • 3 5 ;a n d 7 . 8 8 
(centres of AB q,JA 8=18Hz. ,lowfield half split into d,J=6Hz., 
highfield half split into d,J=3Hz., 4,-COCH
2
- in species A and 
B); 8.61 (t,8,6, encl ether Me in species A and B). 
1 37 . 
Add i t i o n of D 2 0 g av e 4 . 7 8 ( s , - , · l , v i n y I i c p ro to n); 5 . 3 0 ( d d , 6 & 3 , 
1,allylic proton); 5.91 (q,8,2, enol ether CH 2); 7.35 and 7.88 
(centres of AB q, JA 8= 18Hz., lowfield half split into d,J=6Hz. 
and highfield half split into d,J=3Hz., 2, -COCH
2
-); 8 •. 61 (t, 
8,3, enol ether Me). 
req. C 59.14 H 7.09 
fnd. 58.93 7.25 
3, 5, 5-tric h loro-4-a c etoxy-cyc I opent-2-e n-1-o ne (44a acetate): 
The keto-alcohol (44a) (200mg.) was dissolved in 
a c et i c a n hydride ( l Om I . ) a n d co n c e n t re t e d s u I p h u r i c a c id ( l d ro p) 
was added. Acetylation was complete after l minute. Work-up in 
the usual manner gave a clear oil (244mg.} which was purified by 
sublimation (l00°/0.5mm Hg). 
-1 
v cm. (film): 3095(s), 1750 and 1730 sh.(s), 1590 (s). 
1 ppm.: 3.48 (d, 1, 1,vinylic proton}; 3.87 (d, l, l ,allylic proton); 
7.71 (s,-,3,-0COMe}. 
req. C 34. 53 H 2. 07 Cl 43.68 
fnd. 34.71 2. 11 43.42 
3-ch loro-4-ac etoxy-cyc lo pent-2-en- l -one (54a): 
Zinc dust (600mg.} was suspended in ether (15ml.) 
and the acetoxy-ketone (above, 310mg.) in ether (3ml.) was added. 
The mixture was well stirred and concentrated hydrochloric acid 
(8 drops) was added. After the reaction had subsided, the reaction 
1 3 • 
mixture was refluxed for 3 hours during which time another 3 
drops of concentrated hydrochloric acid was added. The excess 
zinc was removed by filtration and the ether solution was washed 
with saturated sodium bicarbonate and water, dried and evaporated 
to leave a clear pale yellow liquid (120ng.). This material was 
separated into a major component (90mg.) and a minor component 
(4mg . ) by preparative tic (silica gel G, ether-petrol 3:5). The 
major component was 3-chloro-4-acetoxy-cyc lopent -2-en-l -one 
(54a). 
-1 
11 cm. (film): 3090(m), l 730(broad ,s), l 590(s). 
I ppm.: 3.63 (d, 1 1 ,v·ny ic p1oton); 4. 3 (d dd,6&3& ,a y C 
proton); 6.98 and 7.67 (centres of AB q, JA .... = 8Hz ., owfie'd 
half split into d,J=6Hz., highfie d half split into d,J=3Hz.; 
2, -COC H2 - ); 7.84 (s,-,3, -OCOMe). 
C7 H7 C103 req. C 48 . 16 H 4.04 Cl 20.31 
f nd. 48. 14 4. 11 20. 00 
The minor com po rent was 4-acetoxy-cyc opent-2-en- l -one, 
identified by compa rison of its 1 H-nmr spectrum with that published 
for an authentic sample by Depuy~~- 116 • 
3,5-dichloro-4-acetoxy-cyc lope nt -2- en- -o ne (54b): 
The reaction was ca r·ed out as above on the tri-
chloro acetoxy-ketone (44a ace a. , 1 5 0 mg • ) . On y 2 drops of 
co n c e n t ra t e d h yd o c h Io r i c a c i d w · :.. d d e d a , d :·: e re a c t i o n m · x e 
was st i rr e d u n d e r re fl u x f o r 2 ho u rs . 
cedure desc ibed above gave a clea 
A' e p . o c · so a t ion ro-
urr. ~9 mg .) w h ·c h was 
1 
l 
I .J •/ . 
purified by preparative tic (as above). 3,5-dichloro-4-acetoxy-
cyclo pent-2-en- l -on e (54b) was obtained as a mixture of C
5 
epimers, the c5-c4 trans (C l vs. -OCOMe) isomer comprising 
70% and the related cis isomer the remaining 30°/o of this mixture. 
-1 
v c m • ( fi I m ) : l 7 3 0 ( b ro a d , s) , l 5 9 0 ( s) • 
I ppm.: 3.75 (d, 1,vinylic proton); 4.05 (dd,3&1, allylic proton 
of trans isomer); 4.10 (dd,6&1, a ll ylic proton of cis isomer); 5. ~2 
(d,6,C5H cis isomer); 5.65 (d,3,C5H trans isomer); 7.80 (s,-, 
-OCOMe). 
req. 
fnd. 
C 40 .22 H 2.89 Cl 33.92 
- -
40.43 2.87 33.36 
Attempted coupling of ketone (44a) with zinc and diethyl malonate: 
The ketone (35mg.) was dissolved in diethyl malonate 
(lml.) and stirred with zinc dust (200mg.) for 8 hours at room 
temperature. The solution was filtered free of zinc and the solvent 
was removed by distillation under high vacuum. The residual gum 
was dissolved in ether, washed with 2M aqueous hydrochloric acid, 
water, dried and evaporated to leave a c lear semi-solid (16mg.). 
Th is mater i a I was a c e ty I ate d w it h a c et i c a n hydride -s u I p h u r i c a c id 
reagent as described earlier for ketone (44a) and the resulting 
acetoxy-ketone was purified by preparative tic (silica gel G, ether: 
petrol 3: 5) to yield a clear gum which was probably 3,5 - dichloro-
4-acetoxy-cyclopent-2-en-1-one (trans isomer). 
I ppm • 3 • 7 6 ( d , l , l , vi n y I i c pro to n); 4 . 0 0 ( d d , 3 & 1 , 1 , a II y I i c 
proton); 5.67 (d,3, l ,C5H); 7.80 (s,-,3,-0COMe). 
I 
Attempted coupling of k eton e (44a) wit h d i ethy l ma lo nate by 
catalysis with boron trifluoride: 
140 . 
The ketone (44a) (20mg., O. lmmol.) was dissolved 
i n d i et h y I m a I o n ate ( l 6 m g . , 0 • l m mo I . ) a n d b o ro n tr i f I u o r i d e -
etherate (45mg., 0. 3 mmol .) was added 102 . After standi ng fo r 6 
hours at room temperature, tic (silica gel, ether-petrol 3:5) showed 
only starting material to be present. The mixture was heated to 
80° for 4 hours and the usual isolation procedure gave a mixture 
that was shown by ir and 1 H-nmr spectroscopy to consist of an 
equimolar mixture of starting ketone (44a) and diethyl malonate. 
Attempted coup! i ng of 3, 5, 5-tri ch lo ro-4-ac etoxy-cyc I opent-
2-en- l -one with diethyl malonyl thallium: 
The acetoxy ketone (245 mg., l mmol.) was dissolved 
in ether (15ml.) and diethyl malonyl thallium (prepared from diethyl 
ma Io n ate a n d th a 11 o us et ho xi de by the genera I pro c e du re of 
McKillop 
104) (1 equiv.) was added. The mixture was stirred under 
reflux for 6 hours. Work-up in the usual manner gave only a 
qua n tit at iv e rec o v e ry of st a rt i n g ma t er i a I • 
This reaction was repeated with the substitution o f 
ethanol for ether as solvent. The product iso lated in this case was 
5 ,5-dichloro-3-ethoxy-4-acetoxy-cyclopent-2-en-1-one (52 b ac eta t e) 
in essentially quantitative yield. 
1 ppm • : 3 • 9 6 ( s , - , l , a 11 y I i c p rot o n); 4 • 5 6 ( s , - , l , v i n y I i c pro to n); 
r 
I_:_ 
1 -4 • 
5.82(q,7,2,enol ether CH 2 ); 7.76(s,-,3, -OCOMe); 8.52(t,7,3, 
enol ether Me). 
Reaction of ketone (44a) acetate with lithium di-~-butylcuprate: 
A suspension of dry cuprous iodide (298mg.) in 
ether (5ml .) was cooled to -10° under a dry nitrogen atmosphere. 
n-Butyllithium (2.25M in hexane, l .25ml.) was added and the 
mixture was stirred and left to equilib rate for l hour . A solution 
of ketone (44a) acetate (80mg.) in dry ether (lml.) was slowly 
added with a syringe. The reaction mixture was left at - 10° for 
5 hours and then poured into water. Isolation of organic rro terial 
in the usual manner gave 5 mg. of on intractable black gum. 
Reaction of ketone (44a) acetate with di-~-butylcadmium: 
Cadmium chloride (91.5mg. ,0.5 mmol .) was sus-
pended in dry ether (2 ml.) and cooled to 0°. !!-Buty ll ithium 
(2.25M in hexane, 0.45ml. ,0.99 mmol.) was added to the stirred 
suspension and the reaction mixture was allowed to worm to room 
temp e rot u re o v er l . 5 ho u rs du r i n g w hi c h time a b I a ck so I u ti o n was 
formed. A solution of ketone (44a) acetate (25mg., 0. l mmol.) in 
ether ( l m I • ) was added a n d th e m ix tu re was stirred at room t emper-
ature for 4 hours. The usual work-up procedure gave a brown gum 
(lOmg.) which was sublimed at 80°/0.5mm Hg to afford a pale 
yellow gum (5mg.) which was not fully characterised but may be 
142. 
5, 5-d ic h lo ro-3-~-bu ty 1-4-ac etoxy-cyc lo pen t -2-e n- 1 -o ne (5 6) . 
vcm.-
1(film): 3090(w), 2950 - 2860(s), 1740(s), 1615(m) . 
"nm.:245 ( E =10500). 
3, 5, 5-tric h lo ro-4-tetrahyd ropyra ny I oxy-cyc lop e nt -2- e n-1 -o ne 
(44a THP ether): 
Ketone (44a) (200mg., 1 mmol) was dissolved in 
methylene chloride (2ml.) which was 0.01M in .e,-to luenesulphonic 
acid. Dihydropyran 114 (1. 1 equiv.) was added dropwise over 0.5 
hour. The reaction mixture was diluted with ether (20ml.) and 
washed with saturated sodium bicarbonate solution, dried and 
evaporated to leave a clear oil (280 mg.) which solidified on 
standing. No further purification of this compound .was required. 
The THP ether was a stable compound and could be stored indefin-
itely at 0°. 
u c m . -
1 ( f i I m) : 3 0 9 5 ( m) , 2 9 40 ( s) , 2 8 8 0 sh . ( m) , 17 4 0 ( s) , 1 5 9 0 ( s) • 
1 ppm.(carbon tetrachloride):3.60(d, 1, 1,vinylic proton); 4 .82 
(d, 1, l ,allyl ic proton); 4. 90(m ,- , l, -OCHO-); 5. 90, 6. 35 and 
8.25(m,-, l &1 &6, protons of THP ring). 
m/ e: 283 ,5 ,7( < 1 °/o of base peak at m/ e 85; peak ratios 3:3: 1; 
M~l). Gas chromatographic analysis showed only l compound to 
0 0 -1 be present (1.5% SE30, 100,..200 @ 12 min. ). 
Diethyl n-heptylma lonate: 
Diethyl malonate (16g., 0.1 mol.) was disso lved 1n 
143. 
dry benzene (50ml.) and reacted with sodium (2 .3g ., 0 . 1 mol.) 
at reflux un t il all the sodium had dissolved . f2..- H e p ty I bro m id e 
(17 .9g. ,O. l mol.) was added dropwise over l hour and the mixture 
was ref l uxed for a further hour. Usual work -up procedure gave a 
cl ear oil (25g.) which on distillation gave the required compound 
(l9g.) as a clear oil with bp l l0°/0.7mm Hg. Glc showed the 
0 0 -1 presence of only one compound (l . 5°1oSE30, 100~200 @ 12 min. ). 
1 ppm.(carbon tetrachloride):5.88(q, 7, 4 ,(C0
2
C H 
2
Me)
2
); 6.85 
( t , 8 , l , m et h i n e p rot o n); 8 . l 8 ( m , - , 2 , - C H 
2 
H ex • ) ; 8 • 7 5 ( m , - , 1 6 , 
5, 5-d ic h lo ro-4-tetra hydro pyra ny loxy-3-(d i ethy I ~-hepty I ma Io ny 1) -
cyclopent-2-en-1-one (58): 
Diethyl n-heptylmalonate (2. lg., 8mmol.) was dissolved 
i n d ry b e n z e n e ( 1 0 m I . ) a n d so d i u m ( l 8 4 mg . , 8 m mo I . ) was a d d e d a n d 
the mixture was refluxed until all the sodium had dissolved. The 
THP ether of ketone (44a) (l. lg ., 4mmol.) in dry benzene (lOml.) 
was slowly added with stirring and the reaction mixture was re-
fluxed for 6 hours. Isolation of products in the usua l manner gave a 
black oil (l .5g.) which was separa ted into a major and a minor 
component by preparative tic (silica gel G, ether-petrol l:4). The 
minor component (400mg .) was identified as diethyl ~-heptylmalonate 
by comparison (ir spectra and g lc Rt) with an authen)ic sample. The 
major component (800mg .) was a mixture of (58) and some other 
l 
unidentified material(s). 
-1 
v cm. (film): 1735(s), 1610(m). 
14 4 . 
1 ppm.(carbon tetrachloride): 3.37(d, l, l ,viny lic proton); 4.46 
(d, l, l ,allylic proton); 4.86(m,-, 1,-0CHO-). The remainder of 
the spectrum was comp I icated by impurity signals but the presence 
of the diethyl n-heptylmalonyl function of (58) was indicated by 
H10Me). Further assignments were considered to be unreliable due 
to impurity signal overlap. No signals indicative of the presence of 
either ketone (44a) THP ether or diethyl !!-heptylmalonate were 
visible. 
+ + 
m/e: 506,8,lO(M ), 471,3(M -c1·) and 387,9(m/e471 
C5 H80). All signals < 1% of base peak at m/e85. Peak intensity 
ratios were 6:4:1, 3:1 and 3:1 respectively. 
l • 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
l O. 
l l • 
12. 
l 3. 
14. 
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